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INTRODUCTION 


This  report  presents  a  summary  and  correlation  analysis  of  the 
foliar  contamination  and  related  data  that  were  obtained  in  Costa  Rica 
during  field  work  on  Operation  Ceniza-Arena .  The  observed  data  are 
reported  in  Part  One  and  Part  Two  of  the  report;  the  treatment  of  the 
data  given  here  (Part  Three)  deals  almost  entirely  with  the  results 
presented  in  Pr-*  '•V" 

During  the  first  phase  of  the  fi  Id  work,  described  in  Part  One, 
foliar  contamination  data  were  obtaineo  only  for  single  leaves,  small 
groups  of  leaves,  and  other  parts  of  single  plants.  Except  for  native 
shrubs,  grasses,  flowers,  and  trees,  the  plants  used  in  the  experiments 
consisted  of  specimens  obtained  from  local  farmers,  potted,  and  moved 
to  the  collection  stations. 

In  the  second  phase  of  the  field  work,  described  in  Part  Two, 
foliar  contamination  data  were  obtained  for  whole  plants  and  groups  of 
whole  plants  as  well  as  for  leaves  (singly  and  in  groups)  and  other 
plant  parts.  The  plant  specimens,  consisting  of  13  different  types  of 
vegetables  (Including  corn)  and  four  cereal  grains,  were  field-grown  in 
two  land  plots.  In  addition,  leaf  contamination  data  were  obtained  for 
six  different  kinds  of  trees. 

The  major  purpose  of  the  data  analysis  was  to  develop  mathematical 
models  of  the  tollur  contamination  process  for  use  In  evaluating  the 
consequences  of  nuclear  war,  particularly  with  respect  to  the  degree  and 
extent  of  radiation  damage  to  food  cropa  and  foreata  and  to  the  contami¬ 
nation  of  foodstuffs.  In  addition,  the  models  may  be  uaed  to  provide 
information  on  the  degree  to  which  radiation  fields  from  volume- 
distributed  radiation  sources  resulting  from  foliar  retention  could 
differ  from  thoae  from  simple  planar  sourcea. 
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BACKGROUND 


The  basic  definitions  and  parameters  and  equations  used  in  the 
tabulation  of  the  foliar  contamination  data  and  for  describing  relation¬ 
ships  among  the  parameters  are  described  in  Part  One.  For  convenience, 
the  definitions  of  several  of  the  terms  are  repeated  below  and  expanded 
where  needed  to  clarify  their  meaning  and  use  in  the  analysis  of  the 
data.  In  addition,  a  set  of  generalized  modeling  functions  is  discussed 
for  application  to  the  foliar  contamination  of  whole  plant  specimens 
grown  under  field  conditions.  The  previously  described  relationships, 
in  contrast,  were  Intended  for  application  to  single  leaf  collectors  or 
to  an  ensemble  of  leaves  (or  other  aboveground  pi  nt  parts). 

The  foliar  contamination  factor  for  a  plant  or  plant  part  is 
designated  aL  and  is  defined,  in  terms  of  experimentally  measured 
quantities,  by 


a  =  C°/Am  (1) 

L  p 


where  Cp  is  the  effective  or  average  concentration  of  the  particles  on 
the  foliage  (in  gm  of  particles  per  gm  of  dry  foliage)  and  Am  is  the 
weight  of  the  particles  deposited  per  unit  of  open  ground  area  (in  gm  of 
particles  per  sq  ft  of  soil  area).  The  fraction  of  the  ground-deposited 
particles  that  is  retained  bv  the  foliage  in  a  field  of  similar  plants 
is  given  by 


F 


L 


a  w 
L  L 


(2) 


where  w^  is  the  average  surface  density  of  the  foliage  (in  gm  of  dry 
foliage  per  sq  ft  of  soil  area).  It  should  be  noted  that  FL  refers  to 
the  fraction  of  the  ground  deposit;  it  is  not  the  true  fraction  of  the 
particles  retained  by  the  foliage  from  the  particle  flux  in  the  air 
passing  over  the  field  of  plants.  For  any  given  area  of  the  field  that 
is  large  relative  to  the  area  of  spread  of  a  single  plant,  the  true 
weight  fraction  of  the  particles  retained  by  the  foliage  is  given  by 
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F°  = 

P  -o 


M  +  M 
P  g 


'3) 


where  1l  the  weight  of  the  particles  deposited  on  all  the  foliage 
and  M°  is  the  weight  of  the  particles  deposited  on  the  ground  underneath 
and  between  the  plants,  if  the  plants  collect  more  particles  than  would 
be  deposited  on  the  same  ground  area  without  plants,  the  value  of  FL 
would  be  greater  than  one;  the  value  of  Fp,  however,  cannot  exceed  one. 
In  gener?  .,  the  value  of  Fp  cannot  be  computed  from  the  foliar  contami¬ 
nation  data,  however,  for  lai ce  -articles  that  are  deposited  under  low 
wind  speed  conditions,  the  value  of  F°  is  approximately  equal  to  F^. 

For  a  section  of  a  field  of  width  x  and  length  y,  the  weight  of 
particles  deposited  on  the  ground  (assumed  to  be  level)  in  the  absence 
of  plants  (open  field)  is  given  by 


M  =  xym  sin  cp  (4) 

g  o 


where  rr.0  is  the  particle  flux  for  a  given  deposit  period  or  shower  (in 
gm  per  sq  ft)  and  cp  is  the  average  angle  between  the  horizontal  and  the 
average  fall  vector  of  the  particles  in  the  direction  of  the  wind. 

Mg  is  F,:ual  to  xyAm.  If  the  area  defined  by  xy  contains  np  plants,  each 
having  an  average  dried  weight  of  mp,  the  average  surface  density  of  the 
foliage  over  the  area  is  given  by 

w  =  n  m  /xy  (5) 

L  p  p 

The  weight  of  the  particles,  Mp,  retained  on  the  foliage  of  the 
plants  in  the  area  defined  by  xy  will  depend  mainly  on  the  shape  and 
size  of  the  plants,  their  surface  density,  and  the  volume  density  of  the 
foliage.  Generalized  equation  forms  for  Mp  and  are  derived  below  for 
some  simple  geometric  plant  shapes. 

Case  1;  Plants  with  Flat  Elliptlcally  Shaped  Leaves 

I*.t  cp  be  the  angle  between  the  horizontal  and  the  particle  fall 
vector,  0  the  angle  between  the  horizontal  and  the  plane  of  the  leaf  in 
a  plane  paralle1  to  the  direction  of  the  wind,  Y  the  angle  between  the 
plane  of  the  leaf  and  the  wind  direction  in  a  plane  parallel  to  the 
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horizontal, .  1]  the  apparent  Impaction  and  retention  or  screening  coeffi¬ 
cient,  a  the  half-length  of  the  leaf  (major  axis),  b  the  half-width  of 
the  leaf  (minor  axis),  h  the  thickness  of  the  leaf,  p  the  density  of  the 
leaf,  n£  the  number  of  leaves  per  plant,  and  np  the  number  of  plants  in 
the  area  defined  by  xy. 

If  T]  accounts  statistically  for  the  shielding  of  one  leaf  by 
another,  the  wjight  of  particles  collected  by  a  single  leaf  (no  differ¬ 
entiation  is  made  as  to  which  side  of  the  leaf  collects  the  particles) 
is  represented  by 


M  =  TrTjabm  sin(8  -  cp)sin  Y,  0  s  cp,  Y  =  0  to  90°  (6) 

*  O 

or 

M  =  rrTlabm  sin(cp  -  0)sin  Y>  0  s  cp,  Y  =  0  to  90°  (7) 

x  o 

If  the  values  of  y  are  randomly  distributed  among  the  field  of 
plants  for  which  the. average  value  of  sin  Y  is  2/n  and  if  the  leaves 
hang  at  a  characteristic  angle,  0,  the  total  weight  collected  by  the 
n£np  leaves  is  represented  by 


M  =  27]abn.n  m  sin(6  -  r),  0  £  cp  (8) 

p  *  p  o 


or 


M  =  2T)abnfln  m  sin(cp  -  9),  0  £  cp  (9) 

p  x  p  o 


The  value  of  w^  for  all  the  leaves  of  the  plants  in  the  area  xy  is 


w  =  npn.n  abh/xy  (10) 

I<  *  p 


*  If  6  is  defined  only  as  the  angle  between  the  horizontal  and  the 
plane  of  the  leaf  (not  necessarily  in  the  plane  parallel  to  the 
direction  of  the  wind),  the  angular  functions  in  Equations  6  and  7 
would  be  sin  9  cos  cp  sin  Y  -  sin  cp  cos  9  instead  of  sin(0  -  cp)sin  y 
or  sin(cp  -  8)sin  Y. 
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Since  F^  is  equal  to  the  ratio  vv 
8  or  9,  and  10  gives,  for 


combination  of  Equations  4, 


21V  sin(8  -  cp) 

F  =  - - - ,  0  2  Cp 

L  rrph  sin  cp 


(ID 


or 


2T)w  sin(cp  -  9) 

F  =  - - - - - ,  8  £  cp 

L  TTph  sin  cp  T 


(12) 


and,  since  Fl  is  equal  to  b^w^,  Equations  11  and  12,  on  expansion  of 
the  sin(6  -  cp)  and  sin(cp  -  9)  terms,  become 


a  =  (2Tyrrph)(0'  sin  8  -  cos  8),  8  s  cp  (13) 

L 


and 


a  =  (2T]/TTph)(cos  8  -  a  sin  8),  8  s  cp  *  (14) 

L 

in  which  a  is  equal  to  cot  cp. 

Thus,  for  plants  with  a  few  flat  elliptically  shaped  leaves  (other 
shapes  would  give  the  same  results),  should  be  constant  and  indepen¬ 
dent  of  w^.  Equation  13,  for  0  values  between  cp  and  90°,  would  represent 
deposits  on  the  bottom  side  of  the  leaf  and,  for  8  values  between  90° 
and  180°,  deposits  on  the  top  side  of  the  leaf.  Equation  14,  for  0 
values  between  zero  and  cp,  represents  deposits  on  the  top  side  of  a 
leaf.  Since  the  above  equations  represent  the  dependence  of  aL  on  8  and 
cp  only  for  plant  spacings  sufficiently  large  so  that  every  leaf  is 
exposed  to  depositing  particles,  their  application  does  not  extend  to 
geometries  where  one  leaf  is  shielded  by  another.  For  a  given  value  of 
6  in  Equation  13  and  a  given  plant  spacing  arrangement,  a  limiting  value 
of  cp  (or  Of)  exists  at  which  the  leaf  on  one  plant  begins  to  intercept 
particles  that  would  otherwise  have  impacted  on  the  leaf  of  an  adjacent 
plant,  tlf  6  is  designated  as  the  angle  between  the  row  of  plants  in  the 
x  direction  and  the  direction  of  the  wind  and  if  the  plant  spacings  are 
designated  as  x^  in  the  rows  and  the  spacing  between  rows  is  designated 
as  yp,  the  distance  between  nearest  plants  in  the  direction  of  the  wind 
would  b^  given  by 


6 


(15) 


d  =  J( ix  )2  +  (jy  )2 
P  P 


d  =  ix  /cos  6 

P 


or 


d  =  jy  /sin  6 
P 


(16) 


(17) 


where  i  and  j  are  integers.  For  most  spacings  and  plant  or  leaf  sizes, 
only  paired  values  of  0  and  1  or  1  and  1  for  i  and  j  are  of  interest. 
The  limiting  values  of  a  for  the  above  conditions  are 


»  s  iTHTe  ♦ “*  «•  8  -  *  *°  90° 


(18) 


and 


j 

a  s  - - -  -  cot  0,  0  =  90°  to  180° 

2a  sin  9 


(19) 


for  Equation  13  and 


ot  ^  cot  0  - 


d 

2a  sin  0 


(20) 


for  Equation  14.  For  a  values  beyond  these  limits,  would  be  less 
than  that  given  by  the  two  equations  because  some  portion  of  the  leaves 
would  not  be  exposed  to  depositing  particles  whereas  the  weight  of  the 
leaves  remains  constant.  At  the  limiting  values  of  a,  Equations  13  and 
14  reduce  to 


TU 

aL  "  T]pah 


0  =  0  to  90° 


(21) 
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I 


and  Equation  14  to 


a 


L 


T)(d  ~  4a  cos  9) 
irpah 


90°  to  180° 


(22) 


If  it  is  assumed  that  F^  is  approximately  equal  to  Fp,  the  fraction 
of  the  particles  retained  on  the  foliage,  the  second  limiting  condition 
for  the  value  of  aL  is  that 


SLS 


1/w. 


(23) 


For  horizontal  flat  leaves,  Equation  11  reduces  to 


_Tj_ 

aL  ”  ph 


(24) 


and,  for  vertical  flat  leaves,  Equation  11  reduces  to 


Tfr 

SL  =  ph 


(25) 


One  of  the  plants  whose  leaf  geometry  is  represented  by  the 
horizontal  flat  leaves,  generally  with  full  exposure  to  depositing 
particles,  is  the  small  bean  plant  with  its  first  pair  of  leaves. 


Case  2:  Plants  with  Ribbon-Shaped  Leaves 


Let  i  be  the  length,  a  the  width,  and  h  the  thickness  of  the 
ribbon-shaped  leaf  (or  grass  blade)  and  assume  that  the  ribbon  maintains 
a  circular  shape  starting  at  a  vertical  angle  of  90°  at  its  base  and 
ending  at  a  horizontal  angle  of  180°  at  its  tip  and  that  the  width  of 
ribbon  stays  perpendicular  to  the  direction  of  the  wind.  With  other 
parameters  as  defined  for  Case  1  and  noting  that  the  ribbon,  for  a  given 
value  of  cp,  Intercepts  particles  at  all  angles  of  6  from  90°  to  180°, 
the  effective  projected  area  also  varies  so  that  Mg  is  estimated  from 
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(26) 


180 

M ^  =  Tln^afm  J  sin(8  -  cp)d6 


90 


which,  when  integrated  over  the  indicated  angles,  results  in 


M.  =  Tjn.aim  (cos  cp  +  sin  cp) 
jL  JL  o 


(27) 


where  n^  is  the  number  of  blades  in  the  area  xy.  Hie  value  of  w^  is 
given  by 


wL  =  pn^afh/xy 


(28) 


and  F^,  on  combination  of  Equations  4,  27,  and  28,  is  given  by 


F 


L 


(<*  +  1) 


(29) 


and 


a  =  <Q  +  1)  (30) 

L  ph 


If  the  blades  are  short  and  maintain  a  rather  rigid  vertical  position, 
Equation  26  would  reduce  to 


a 


L 


Tj« 

ph 


(31) 


which  has  the  same  dependence  on  or  as  that  of  the  vertical  flat  leaves. 


Case  3:  Cyllndrlcally  Shaped  Plants,  Tube-Shaped  Foliage  and  Stems 

Let  a  be  the  radius  of  the  cylinder,  tube,  or  stem  and  z  its 
height  and  assume  the  top  of  the  cyllndrlcally  shaped  plants  to  be  flit. 
For  this  geometric  form  of  plants  with  leaves  (e.g. ,  vines  on  a  pole), 
the  angular  orientation  of  the  leaves  is  neglected,  and  T)  represents  a 
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screening  coefficient  more  than  it  does  an  impaction  coefficient.  The 
dependence  of  Mp  on  cp  and  the  plant  shape  parameters  is  represented  by 


M  =  T]n  m  (TTa  sin  cp  +  2a z  cos  9) 

p  p  o 


w  =  n  pna  z/xy 
L  p 


To  eliminate  both  a  and  z  from  Equations  32  and  33  for  comparison 
of  the  retention  among  plants  of  different  sizes  and  ages,  a  relation 
between  z  and  a  is  needed,  and,  since  none  is  directly  available,  it  is 
assumed  alternately  that  x  is  proportional  to  a,  a  ,  and  a  for  broad, 
medium,  and  thin  plant  forms,  respectively.  For  z  equal  to  H0a,  the 
equation  for  is 


_  1/3  v 2/3 

■©  &) 


where  p  is  the  volume  density  of  the  foliBge.  In  Equation  34,  F»  is 
2  '3 

proportional  to  w^  '  and  to  the  one-third  power  of  the  number  of  plants 
per  unit  area.  For  z  equal  to  K^a^,  the  equation  for  FL  is 


1/2  1/2  ,  1/4  3/4  * 

:)  (©  ©  ■] 


and,  if  the  amount  of  particles  retained  along  the  side  of  the  plant  is 
large  relative  to  that  collected  at  the  top  (as  would  be  the  case  for 
the  larger  values  of  or),  Equation  35  becomes 
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and  F^  is  proportional  to  and  to  the  one-fourth  power  of  the 

planting  density.  For  z  equal  to  the  equation  for  F^  is 


(37) 


and,  since  the  amount  of  particles  retained  by  the  top  of  these  tall 
thin  plants  is  expected  to  be  small  relative  to  that  collected  along  its 
sides,  Equation  37  reduces  to 


F 


L 


(38) 


and  F^  is  proportional  to  w.4/5  and  to  the  one-fifth  power  of  the 
planting  density. 

The  limiting  values  of  a  for  Equations  34  through  38,  depending  on 
the  planting  density  and  plant  size,  are 


Or  <  (d  -  2a)/KgS 


(39) 


for  Equation  34  with  z  equal  to  HqS, 


»Md-  2a)/*^a 


2 


(40) 


for  Equations  35  and  36  with  z  equal  to  Kja^,  and 

or  s  (d  -  2a)/H2a3  (41) 

for  Equations  37  and  38  with  z  equal  to  Hja®.  In  these  equations,  the 
distance  between  the  neighboring  plants,  d,  is  the  same  as  that  defined 
by  Equations  15  through  17.  For  or  values  larger  than  the  Halting 
values  given  by  Equations  39  through  41,  Fj,  ceases  to  depend  on  a  and  is 
given  by 
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(42) 


for  the  condition  that  z  equals  Kqs, 


(43) 


for  the  condition  that  z  equals  Hja2,  and 


(44) 


for  the  condition  that  z  equals  M^a3.  The  above  three  equations  are 
all  derived  fron 


P 


L 


(tt  -  2)a 


2 

. 


(45) 


If  the  plant  tops  are  satsll  and  collect  only  a  negligible  fraction 
of  the  total  aamunt  of  particles  retained  by  the  plant,  the  constant  n 
would  not  appear  in  Equations  42  through  45. 


Case  4;  Cone-Shaped  Plants 

Let  a  be  the  radius  of  the  base,  z  the  height,  and  other  parameters 
as  previously  defined.  The  projected  areas  for  this  geometry  result  in 
the  following  general  equations  for  F^: 


F 


L 


arx(a 


2  2% 
z  a  ) 


2  2  2. 
a(a  z  or  ) 


(46) 
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and 


w  =  (n/3)pa  h/xy 
L 


where  p  is  the  volume  density  of  the  foliage.  (For  trees,  the  branches 
are  usually  neglected,  and  p  represents  only  the  voluae  density  of  the 
leaves.)  For  z  equal  to  Kqs,  Equations  46  and  47  reduce  to 

pl  *  ^),2["(rsi  *  2)  -  v co*  6o  <48) 


in  which 


px’ 

\Vm0 ) 


,  *  a 

1  -  H  O 

,  0 

cos 

Q  2  2 

1  ♦  H  O 
0 


For  s  equal  to  *jS  ,  Equations  46  and  47  reduce  to 


*  2)  *  "1 


ao  cos  6 


\ 

vvv 


I'M**' 


in  which 


cos 


6 

1 


2  2  2 
1  -  9  cr 


2  2  2 
1  +  Hj  a  or 


(53) 


For  or  values  less  than  the  ratio  a/z,  the  value  of  FL  becomes 
independent  of  ot  and  is  represented  by 


F 


L 


(54) 


or 


F 


L 


(55) 


for  z  equal  to  HQa  and 


F 


L 


(56) 


2 

for  z  equal  to  H^a  .  The  upper  llaiita  of  Or  for  application  of 
Equations  48  and  SI  are,  respectively 


or  <  (d  -  a)/* 

0 


a 


(57) 


and 


or  «  (d  - 


2 


(58) 
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Case  5:  Hemlapherlcally  Shaped  Plants 


Let  a  be  the  radius  of  the  plant  (at  ground  level)  and  other 
parameters  as  previously  defined.  The  general  equation  for  for  this 
geometry  Is  given  by 


2 

T]nn  a  (1  +  sin  cp) 

F  =  - E -  (59) 

L  2xy  sin  cp 


and  the  surface  density  is 


3 

w  =  (2/3)nn  pa  /xy 
L  p 


(60) 


Substituting  the  value  of  a  from  Equation  60  into  Equation  59  gives 


F 


L 


*  ■»■  T> 

\xy  /  \2p  /  2  sin  cp 


(61) 


The  limiting  value  of  or  for  Equation  61  is 


a  £  (l/a)  v/d(d  -  2a) 


(62) 


at  which  polui  becomes 


(63) 


For  a  values  less  thsn  that  given  by  Equation  62,  the  precise 
solutions  of  the  effect  of  shadowing  of  one  plant  by  another  become  far 
too  complex  for  simplified  models  even  when  two  similar  plants  are  lined 
up  in  the  direction  of  the  wind.  To  approximate  the  shadowing  effect, 
the  shadow  of  the  upwind  plant  is  assumed  to  have  a  parabolic  shape  on 
the  plant(s)  in  the  downwind  direction.  With  this  ssaumptlon,  the  value 
of  F^  la  represented  by 


15 


(64 


where  p  is  the  average  volume  density  of  the  leaves  (stems  and  trunks 
are  not  Included).  l‘f  b  is  equal  to  K^a,  combination  of  Equations  66 
and  67  give 
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2/3  r  2~  2  T~ 

/(l  +  or  )(l  +  a  ) 

9  9 

.(1  +  a  hq“) 


(68) 


for  the  elliptical  spheroid  shape  of  plant.  The  equation  for  for  a 
spherically  shaped  plant  is  obtained  by  setting  Kq  equal  to  one  and  is 
given  by 


(69) 


The  limiting  values  of  a  for  application  of  Equations  68  and  69  . 
are,  respectively 


a  *  (l/HQa) 


(70) 


and 


a  *  (1/a) 


(71) 


For  a  values  greater  than  those  of  Equations  70  and  71,  the 
shadowing  effect  of  one  plant  on  another  takes  place.  Hie  approximate 
form  of  the  equation  for  Fl  for  plants  lined  up  in  the  direction  of  the 
wind  (maximum  effect)  is  as  follows,  assuming  spherically  shaped 
canopies 


F  = 
L 


-  £. 

T|n  a 

P 

n(180  -  6) 

xy  sin  cp 

180 

+  sin  6 


3 


(72) 


in  which 


sin 


(73) 
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and 


L  aa 

or 

t  , 

With  substitution  of  Equation  67  and  with  b  equal  to  a,  Equation  72 
becomes 

F  .  P)/^)  6>  +  sin  61  (76) 

L  \xy/\4rrp/  \sin  cp/|_  180  J 

Thus,  as  for  the  hemispherically  shaped  plants,  FL  depends  on  the 
angle  of  particle  fall  down  to  very  low  angles.  It  is  assumed  that  this 
case  would  apply  more  closely  to  tree  canopies  than  to  any  of  the  other 
plant  geometry  cases  discussed  above. 

In  the  derivation  of  the  equations  for  in  each  case,  the  implied 
assumption  is  that  T]  is  independent  of  the  angle  of  fall  of  the  particles 
and,  further,  that  T]  is  not  defined  as  an  impaction  coefficient  but  as  a 
parameter  whose  value  depends  on  the  impaction  efficiency,  retention 
efficiency,  and  relative  amount  of  shielding  of  the  leaves  not  directly 
exposed  to  the  impacting  particles.  It  is  expected,  therefore,  that  the 
value  of  Tj  should  depend  on  the  wind  speed  and  that  the  degree  of  depen¬ 
dence  should  vary  with  the  general  degree  of  rigidity  of  the  plant 
leaves.  The  force  of  the  wind  would  tend  to  move  leaves  to  a  more  hori¬ 
zontal  position  as  the  wind  increases.  However,  since  the  wind  speed  is 
never  constant,  the  leaves  (as  well  as  the  whole  plant)  are  constantly 
in  motion  as  long  as  the  wind  speed  is  great  enough  to  overcome  the 
inertia  of  the  foliar  ensemble.  &s  a  result  of  this  movement,  which 
increases  as  the  wind  speed  increases,  the  value  of  T|  should  decrease  as 
the  wind  speed  Increases. 


Jl 


-  d) 

c — Z 

1  +  Of  J 


tan 


■^sin  cpj 


(74) 


(75) 
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DATA  SUMMARY 


Gross  Deposits  and  Meteorological  Parameters 

The  gross  deposit  of  ceniza-arena ,  the  average  or  effective  wind 
speed  during  deposition  period,  and  the  sample  type  for  each  set  of 
foliar  samples  are  summarized  in  Table  1.  The  tabulated  wind  speeds  are 
corrected  values  and  were  computed  through  use  of  the  equations  and  data 
given  in  Part  Two.  The  time  of  weathering,  average  (corrected)  wind 
speed  during  the  weathering  period,  the  integrated  wind  speed,  and 
amount  of  rainfall  for  each  set  of  weathering  foliar  samples  are  summa¬ 
rized  in  Table  2.  The  data  included  in  Tables  1  and  2  consist  only  of 
those  taken  during  the  second  field  phase  of  Operation  Ceniza-Arena. 
Similar  information  for  the  first  phase  is  included  in  several  of  the 
following  tables;  they  are  not  listed  separately  because  they  are  less 
complete. 

Foliar  Contamination  and  Weathering  Data 

The  foliar  contamination  data  for  primary  samples  taken  under  dry 
deposition  conditions  (usually  for  deposits  occurring  after  0800  and 
before  1700  when  the  relative  humidity  was  less  than  90  percent)  for  the 
vegetables,  cereal  grains,  flowers,  vines,  and  relatively  small  shrubs 
are  summarized  in  Table  3.  The  tabulated  data  include  the  plant  age  in 
days  after  seeding,  the  corrected  average  wind  speed,  the  plant  weight, 
the  foliar  surface  density,  the  calculated  fractional  weight  of  particles 
retained  by  the  foliage  relative  to  the  deposit  on  an  open  ground  area, 
and  the  background  concentration  of  the  particles  (i.e.,  the  relative 
weight  of  the  particles  not  removed  by  a  high  pressure  water  spray).  In 
some  cases,  wind  speed  for  the  samples  taken  during  the  first  phase  of 
the  field  work  was  computed  from  the  average  daily  wind  speeds  as  given 
in  Part  One.  The  sample  notations  used  in  Part  Two  are:  -1  for  a  leaf 
or  group  of  leaves;  -2  for  a  fruit  or  grain  head;  - 2 *  for  a  flower;  -3 
for  a  stem  or  branch;  -4  for  a  corn  tassel;  and  a  combination  such  as 
-1,3  for  leaves  and  stems  together. 

The  foliar  contamination  data  for  the  primary  samples  of  the  vege¬ 
tables,  cereal  grains,  flowers,  vines,  and  small  shrubs  that  were  taken 
under  damp  conditions  (usually  resulting  from  deposits  occurring  after 
1700  and  before  0800  or  shortly  after  a  rain  at  other  times  of  the  day) 
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are  summarized  in  Table  4.  Similar  data  for  secondary  samples  of  these 
plants  are  summarized  in  Table  5.  In  this  table,  the  deposit  conditions 
are  also  given,  and,  for  those  cases  where  more  than  one  particle  shower 
took  place  within  the  sampling  period,  notations  such  as  dry,  damp,  or 
semidamp  are  used  to  indicate  the  result  of  daytime  and  nighttime 
deposits  or  morning  or  evening  deposits.  As  in  Parts  One  and  Two,  the 
samples  obtained  shortly  after  a  single  or  double  shower  of  particles 
before  significant  weathering  effects  could  take  place  are  designated 
as  primary  samples.  The  samples  taken  after  exposure  to  several  showers 
or  prolonged  exposures  where  significant  weathering  effects  might  have 
occurred  are  designated  as  secondary  samples. 

Hie  foliar  contamination  data  for  the  leaves  and  twigs  of  large 
shrubs  and  trees  from  the  primary  samples  taken  under  dry  deposit 
conditions,  the  primary  samples  taken  under  damp  conditions,  and  the 
secondary  samples  are  summarized  in  Tables  6,  7,  and  8,  respectively. 

The  foliar  contamination  weathering  data  are  summarized  in 
Tables  9  and  10.  The  data  Include  the  age  and  weight  of  the  plants; 
the  integrated  wind  speed  during  wind  weathering  periods,  t  (equal  to 
Vwt,  where  t  is  the  time  of  weathering  and  vw  is  the  average  wind 
speed);  the  fraction,  Yw,  of  the  original  deposit  remaining  at  t  due 
to  wind  weathering;  the  amount  of  rainfall  before  sampling,  R;  the 
fraction,  ^wr  •  of  the  original  deposit  remaining  after  wind  weathering 
and  rain  (the  latter  sets  of  samples  were  usually  taken  after  rainfall 
before  another  particle  shower  took  place);  and  the  initial  deposit 
conditions  of  the  primary  or  secondary  samples  to  which  the  weathered 
samples  are  referred  and  taken  at  t  equal  to  zero.* 

As  discussed  in  Part  One,  the  weathering  effects  are  reflected  in 
changes  in  the  particle  retention  coefficient  with  time  after  the  initial 
deposit  (and  during  deposit  for  a  long  period  of  continuous  deposition). 
Hie  mathematical  representation  of  the  results  is 


«(<*,  t) 


*  (cr)i  fJ  +  f 
o  L  R  w  NRJ 


(77) 


for  wind  weathering  and 


*  Note  the  change  in  notation  from  cp*  and  cp wr  as  used  in  Part  One  for 
the  two  weathering  parameters. 
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(78) 


«(or,  t ) 


e  (<>) 

o 


[V 


Y  +  f«B 
wr  NR. 


for  combined  wind  and  rain  weathering;  eo(a)  is  the  initial  retention 
coefficient,  f^  is  the  fraction  of  the  deposit  that  is  removed  by  wind 
or  wind  and  rain,  f^  is  the  fraction  that  is  not  removed  by  wind  or 
wind  and  rain,  and  G  is  a  fractional  plant  growth  factor.  As  a  i*rst 
approximation,  rain  should  remove  all  the  particles  previously  removed 
by  the  wind  if  the  period  of  wind  weathering  before  rain  is  not  more 
than  several  days'  duration.  The  derived  function  for  the  dependence 
of  Yw  on  the  wind  speed  and  time  of  weather lug  is 


¥  =  e“kv'T  (79) 

w 


where  kw  is  a  constant  for  a  given  set  of  initial  deposit  conditions. 
The  fraction  of  particles  not  removed  by  wind  or  rain  is  given  by 


fm  * 


(80) 


in  which  of  Equation  80  should  be  closely  approximated  by  the 

background  loadings  of  particles  remaiLing  on  the  foliage  after  water 
washing  with  the  high  pressure  sprayer.  The  values  of  ¥w  and  Ywr  are 
calculated  on  the  basis  of  relative  particle  concentrations  on  the 
foliage  from 


o 

C  (weathered) 

Y  «  -  (81) 

wr  o 

C  (initial) 

P 


or 


a  (weathered) 

y  L 

wr  *  a  (initial) 
L 


(82) 


since  c£  is  equal  to  a^Am.  Application  of  Equation  82  permitted  the 
estimations  of  Yv  and  Ywr  when  small  additional  amounts  of  cenisa-arena 
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were  deposited  during  the  weathering  period.  This  application  assumes 
a  degree  of  retention  of  the  additional  particles  that  is  equal  to  that 
of  the  Initial  deposit;  that  is,  the  value  of  a^(initial)  remains 
constant  over  the  sampling  sequence. 

The  weathering  parameter  may  be  alternately  defined  in  terms  of 
ratios  of  the  values,  represented  by 


F  (weathered) 

¥  =  — - 

wr  F  (initial) 

L 


(83) 


to  infer  a  fractional  decrease  in  the  amount  of  particles  initially 
retained  by  a  field  of  plants.  The  values  of  Ywr  from  Equation  83  are 
the  same  as  those  from  Equations  81  and  82  for  a  given  value  of  w^ 
(since  Fl  =  aLwL^*  However,  experimentally,  the  values  could  differ 
due  to  differences  in  w^  at  the  two  sampling  locations.  Local  varia¬ 
tions  in  w^  occur  due  to  local  differences  in  planting  density  and  in 
plant  sizes  in  any  field  of  plants. 

The  values  of  t  in  Tables  9  and  10  for  the  wind  weathering 
samples  taken  during  the  first  phase  of  the  field  work  were  computed 
from  the  averaged  hourly  wind  speeds  from  all  sets  of  measurements  at 
each  sampling  station  since  the  anemometers  were  not  left  in  place  when 
the  stations  were  not  manned  and  when  the  weathering  took  place.  This 
procedure  la  accepted  only  because  of  the  general  consistency  in  the 
diurnal  variation  of  the  wind  speeds  over  the  sampling  period. 


Plant  and  Plant  Part  Weight,  Age,  and  Projected  Area  Data 

The  data  on  the  plant  and  plant  part  dry  weights,  ages,  and 
planting  density,  n/xy  (number  of  plants  per  sq  ft),  are  summarized  in 
Table  11.  The  data  are  averaged  for  each  sampling  period  or  portion 
thereof  (usually  a  7-  to  10-day  period).  The  plant  age  is  given  in 
days  since  planting.  The  average  relative  deviation,  o,  in  the  plant 
or  plant  part  dry  weights  is  tabulated  for  each  set  to  indicate  the 
general  relative  spread  in  the  data.  In  most  sets  where  the  number  of 
sampled  plants  was  fairly  large  (25  or  more),  the  average  relative 
deviation  was  between  10  and  25  percent.  For  the  grain  samples,  the 
ratio  of  the  weights  of  the  seed  heads  to  those  of  the  whole  stalks  is 
given  for  three  of  the  four  cereal  grama.  Data  on  the  rye  were  not 
Included  because  this  grain  failed  to  set  in  the  humid  cool  climate  of 
Costa  Rica.  Examples  of  the  frequency  distributions  of  the  plant  or 
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plant  part  dry  weights  are  shown  in  Figure  1  for  a  few  selected  sample 
sets  consisting  of  a  relatively  large  number  of  plants.  Each  point 
shown  in  the  figure  is  an  average  weight  of  several  plants  as  a  single 
sample. 

The  average  weights  of  the  leaves  and  needles  of  the  sampled  trees 
are  given  in  Table  12.  The  frequency  or  number  distribution  of  the  dry 
weights  of  the  grapefruit  tree  leaves  is  shown  in  Figure  2.  This 
distribution  shows  the  relatively  high  abundance  of  the  smaller  leaves; 
the  value  of  ri^(SO)  for  all  leaves  is  0.27  ga  per  leaf  whereas  the 
average  weight  Is  0.33  gm  per  leaf.  In  most  sample  sets,  the  sampling 
was  probably  biased  in  the  selection  of  the  larger  healthier  plants; 
thus  the  cutoff  in  the  distribution  at  the  largest  weight  is  probably 
accurate  in  both  Figures  1  and  2  whereas  the  low  weight  cutoff  is  well 
represented  only  for  the  grapefruit  leaves  in  Figure  2  and  the  barley 
heads  in  Figure  1.  (The  sampling  of  all  the  grains  was  carried  out 
with  less  sampling  bias.) 

The  data  from  the  measurements  on  the  projected  areas  of  the 
leaves  and  other  plant  parts  are  summarized  in  Table  13  in  terms  of  a 
tabulation  of  results  from  frequency  distribution  curve  analyses;  the 
projected  areas  at  the  accumulated  percentages  of  10,  50,  and  90  are 
given  as  are  the  smallest  and  largest  measured  areas  of  each  set  of 
specimens.  Examples  of  the  frequency  distribution  data  are  shown  by 
the  plots  in  Figures  3  and  4  for  the  leaves  from  bean,  cabbage,  beet, 
potato,  corn,  and  radlah  plants.  The  combined  data  for  all  sets  of 
leaf  samples  from  the  avocado,  camphor,  grapefruit,  and  laurel  trees 
are  plotted  in  Figure  5.  For  most  plants,  the  range  in  projected  area 
from  smallest  to  largest  leaf  la  in  excess  of  a  factor  of  five.  The 
largest  range  in  areas  is  that  shown  for  the  cabbage  where  the  largest 
area  is  more  than  7,000  times  larger  than  the  smallest  (the  latter 
coming  from  the  center  of  the  forming  head). 

The  projected  area  data  were  obtained  to  provide  Information  for 
evaluating  the  S^(a^)  parameter  of  Equation  3  as  given  In  both  Parts 
One  and  Two  which,  in  turn,  could  be  used  to  evaluate  the  impaction  and 
retention  coefficients  for  single  leaves  and  other  plant  parts.  Then, 
as  illustrated  In  Tert  One,  the  estimation  of  the  contamination  factor 
for  various  leaf  ansembles  would  be  possible.  However,  because  such 
detail  of  computation  for  large  scale  application  of  the  Information 
to  nuclear  war  damage  assessments  would  be  infeasible,  the  analytical 
approach  described  in  the  previous  section  was  evolved.  Thus,  although 
the  projected  area  data  are  not  utilised  as  originally  planned,  they 
are  Included  for  possible  future  application  la  such  analyses. 
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Table  1 


GROSS  DEPOSIT,  AVERAGE  WIND  SPEED  DURING  DEPOSITION 
AND  SAMPLE  TYPE  FOR  THE  FOLIAR  SAMPLE  SETS 


Sample  Numbers 

Am 

(gm/sq  ft) 

V 

w 

(ml /hr) 

14012-14019 

2.100 

8.6 

14029-14033 

39.55 

8.5 

14039-14043 

6.42 

6.3 

14052-14054 

6.60 

6.4 

14067-14076 

6.095 

10.4 

14079-14080 

12.35 

10.4 

14081-14088 

36.82 

7.3 

14091-95 ,-97,-99,-101,-103 

18.59 

6.2 

14096,-98,-100,-102,-104 

55.41 

•7.0 

14120-14127 

1.249 

2.6 

14128-14137 

12.62 

3.0 

14139-14146 

21.43 

4.2 

14147-14156 

23.49 

4.8 

14158-14165 

27.63 

5.1 

14177-14189 

16.26 

4.0 

14194-14197 

4.70 

3.5 

14198-14203 

1.41 

8.9 

14204-14215 

8.35 

5.5 

14227-14229 

8.45 

5.5 

14231-14237 

1.25 

8.8 

14239-14241 

9.08 

8.6 

14242-14244 

10.32 

8.7 

14266-14268 

0.45 

8.3 

14291-14307 

19.11 

1.7 

14308-14311 

24.24 

1.7 

14313-14328 

25.60 

1.7 

14329-14334 

26.44 

2.0 

14336 

19.09 

2.8 

14336,14343 

8.55 

1.5 

14339,14344 

8.70 

1.5 

14340,14345 

9.10 

2.0 

14341-14342 

9.50 

2.1 

14346-14351 

1.10 

9.3 

14391-14409 

1.01 

2.7 

14410-14420 

1.11 

2.7 

14422-14426 

1.14 

2.8 

14427-14433 

1.54 

3.8 

24 


PERIOD, 


Sample  Type 

P,  dry 
S,  semidamp 
P,  dry 
SR 

P,  dry 
SR 

P,  damp 
P,  dry 
2P,  damp 
P,  dry 
P,  damp 
SW 
SW  ' 

SWR 

S,  SW,  SWR 
P,  damp 
P,  dry 
S,  damp 
SW 

P,  dry 
P.  dry 
P,  dry 
P.  dry 
P,  damp 
SW 
SW 
SWR 

P.  damp 
P.  damp 
SW 
SW 
SW 

P,  dry 
P,  damp 
SW 

SW 

SW 
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Table  1  (continued) 


Am 

V 

w 

Sample  Numbers 

(gm/sq  ft) 

(mi/hr) 

Sample  Type 

14434-14442 

2.19 

4.8 

SW 

14444-14459 

1.07 

7.0 

P,  dry 

14460-14463 

2.20 

4.8 

SW 

14464-14472 

3.33 

4.5 

SWR 

14512-14524 

0.763 

3.9 

P,  damp 

14525-14535 

1.02 

5.1 

SW 

14536-14546 

0.42 

3.7 

P.  damp 

14561-14570 

1.33 

3.9 

P,  damp 

14592-14603 

0.30 

9.0 

P,  dry 

14604-14607 

0.30 

9.0 

PW 

14614-14623 

0.28 

11.4 

S,  semidamp 

14624 

0.58 

10.1 

S,  semidamp 

14630-14641 

0.12 

7.5 

P,  damp 

14655-14670 

0.42 

5.0 

P,  damp 

14691-14707 

0.16 

6.3 

P,  dry 

14709-14721 

1.66 

6.5 

S,  damp 

14723-14  727 

0.36 

5.4 

P,  damp 

14723*14727 

2.02 

6.3 

S,  damp 

14729-14737 

2.98 

7.8 

S,  semidamp 

14753-14766 

2.31 

5.6 

P,  damp 

14768-14781 

3.94 

6.2 

SW 

14783-14795 

3.96 

6.2 

SWR 

06014-06022 

13.68 

2.7 

P,  damp 

06026,-27,-29-34 

31.44 

3.2 

SW 

06034 A -0604 3 

39.02 

3.5 

SWR 

06057-06066 

6.42 

3.0 

P,  damp 

06067-06073 

7.03 

3.4 

SWR 

06074-06078 

9.26 

4.1 

SWR 

06108-06113 

0.84 

6.2 

P,  dry 

06114-06128 

4.34 

2.4 

P,  damp 

06130-06134 

14.81 

2.2 

P,  damp 

06136-06145 

15.44 

2.2 

P,  damp 

06147-06162 

16.70 

2.4 

SW 

06164-06168 

1.60 

2.7 

P,  damp 

06169-06171 

1.44 

2.7 

S,  damp 

06169-06171 

18.14 

2.4 

P,  damp 

06172-77,-81 

9.32 

1.6 

2P,  damp 

06178-80,-82 

9.16 

1.8 

2P,  damp 
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Table  1  (continued; 


I 


Am 

w 

Sample  Numbers 

(ga/sq  ft) 

(mi /hr) 

Sample  Type 

06184-06191 

11.90 

2.4 

SWR 

06213-0622? 

7.69 

1.4 

P,  damp 

06229-06256 

8.20 

1.4 

SW,  SWR 

06265-06279 

5.84 

1.5 

Pf  damp 

063 J2 -06339 

0.49 

3.3 

P,  damp 

06346-06347 

0.49 

3.3 

PW 

06348-06353 

1.75 

3.8 

P,  damp 

06372-06379 

0.34 

3.0 

S,  damp 

06381-06383 

0.34 

3.0 

S,  damp 

06384-06397 

0.51 

3.0 

P,  damp 

06399-06408 

0.69 

3.9 

SW 

06419-06430 

0.23 

3.8 

P,  damp 

06438-06450 

0.34 

3.1 

P,  damp 

06451-06459 

0.49 

3.9 

SW 

06461-06469 

0.11 

4.1 

S,  damp 

06470-06471 

0.60 

4.0 

SW 

06492-06503 

0.80 

4.5 

P.  ‘ 

06506  06516 

0.35 

5.0 

P,  dr. 

06506-06516 

1.15 

4.6 

2r,  dry 

06517-06518 

1.15 

4.6 

P,  dry 

06523 -C8539 

1.25 

3.8 

P,  dry 

06540-06541 

1.68 

4.0 

S,  dry 

06543-06560 

1.78 

3.9 

SW 

06574-06593 

2.11 

2.8 

P,  damp 

06574-06583 

3.88 

3.3 

S,  damp 

06605-06614 

0.96 

3.4 

P,  damp 

06626-06628 

0.96 

3.4 

PW 

06638-06651 

0.36 

3.6 

S,  earn  Id  amp 

13504-13508 

2.58 

7.6 

P,  damp 

15017-15026 

1,93 

3.5 

S,  aamldamp 

15027-15035 

0.82 

2.0 

P,  damp 

IS038-1S049 

0.77 

3.9 

P.  dry 

15052-15061 

0.84 

2.0 

P,  damp 

15052-15061 

1.61 

2.5 

2P,  damp 

15062-15089 

1.61 

2.5 

IP,  damp 

1S090 

0.84 

2.0 

P,  damp 

15090 

1.61 

2.5 

2P,  damp 

15091 

1.08 

3.0 

SW 
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Table  1  (concluded) 


Am  Vw 


Sample  Numbers 

(gm/sq  ft) 

(mi /hr) 

Sample  Type 

15091 

1.85 

3.5 

2PW 

15098-15106 

0.72 

(2.5)° 

S,  dry 

16006-16014 

0.62 

(2.0) 

P,  dry 

16033-16166 

0.62 

(3.0) 

P,  dry 

16289-16292 

0.78 

(4.8) 

S,  dry 

•  Values  in  parent  be  ms  are  estimated 
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Table  2 


TIME  OF  WEATHERING,  AVERAGE  WIND  SPEED  DURING  WEATHERING  PERIOD, 
NTEGRATED  WIND  SPEED,  AND  AMOUNT  OF  RAINFALL  FOR  THE  FOLIAR  SAMPLE  SETS 


Sample  Numbers 

a 

t 

(hours) 

V 

w 

(mi/hr) 

T 

(miles) 

R 

(inches) 

14049-14054 

8. 18 

9.13 

74.7 

1.03 

14079-14080 

3.50 

10.7 

37.6 

1.11 

06026,-27,-29-34 

8.67 

4.35 

37.7 

- 

06034A- 06043 

11.17 

4.54 

50.7 

0.15 

14139-14146 

3.17 

5.42 

17.2 

- 

14147-14156 

5.17 

3.36 

32.9 

- 

14158-14165 

7.17 

6.58 

47.2 

0.30 

06067-06073 

4.62 

6,26 

28.9 

0.07 

06074-06076 

5.87 

6.42 

37,7 

0.25 

14179-14180 

0.38 

8.16 

3.1 

- 

14181-14183 

0.83 

8.31 

6.9 

- 

14184-14185 

1.33 

8.65 

11.5 

- 

14186-14187 

3.25 

8.34 

27.1 

- 

14188-14189 

7.25 

8.18 

59.3 

0,01 

14190-14191 

29.00 

5.59 

162.0 

0.15 

14227-14229 

2.50 

8.84 

22.1 

- 

06147-06162 

6.00 

5.40 

32.4 

- 

14245-14250 

- 

~ 

- 

0.43 

06184-06191 

6.00 

3.80 

22.8 

0.77 

14252-14258 

- 

- 

- 

1.20 

14308-14311 

1.97 

1.52 

3.0 

- 

14313-14316 

3.78 

1.64 

6.2 

- 

14317-14320 

5.35 

2.11 

11.3 

- 

14321-14328 

6.45 

2,73 

17.6 

- 

14329-14334 

6.86 

3.35 

23.0 

0.07 

a  Time  of  wind  weathering  up  to 

time  oi 

beginning  of 

rainfall 

or  of  sampling 


Table  2  (continued) 


a 

V 

t 

w 

r 

R 

Sample  Numbers 

(hours ) 

(mi/hr) 

(miles) 

(inches) 

06229-06238 

4.13 

2. 69 

n.i 

06240-06250 

9.47 

2.92 

27.7 

0.02 

06251-06258 

9.75 

2.88 

28.1 

0.54 

14339 

C.  60 

8.47 

5.1 

14340 

1.13 

8.69 

9.8 

- 

14341 

1.80 

9.02 

16.2 

• 

14342 

2.13 

9.21 

19.6 

- 

14344 

0.58 

8.64 

5.0 

- 

14345 

1.13 

8.79 

9.9 

- 

14410-14420 

1.40 

3.64 

5.1 

_ 

14422-14426 

2.83 

4.30 

12.2 

— 

14427-14433 

4.83 

5.43 

26.2 

- 

14434-14442 

5.82 

5.72 

33.3 

- 

14460-14463 

7.27 

6.49 

47.2 

— 

14464-14472 

9.30 

6.29 

58.5 

0.35 

14525-14535 

5.95 

7.65 

45.5 

06346-06347 

24.50 

4.16 

102.0 

- 

14560 

3.62 

6.99 

25.3 

- 

14604-14607 

6.25 

10.7 

66.8 

- 

06399-06408 

4.08 

6.37 

26.0 

- 

06414-06417 

30.17 

4.36 

131.6 

0.16 

06432-06436 

5.83 

4.72 

27.5 

0.48 

06451-06459 

5.33 

4.71 

25,1 

- 

06469-06471 

25.00 

3.94 

98.6 

- 

14685-14687 

6.50 

11.8 

76.7 

0.04 

06543-06560 

5.30 

4.96 

26.3 

- 

06626-06628 

3.00 

4.53 

13,6 

- 

a  Time  of  wind 

weathering  up  to 

time  of 

beginning  of 

rainfall 

or  of  sampling 
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Table  2  (concluded) 


Sample  Numbers 

a 

t 

(hours) 

V 

w 

(mi/hr) 

T 

(miles) 

R 

(inches) 

14739-14750 

78,75 

9.20 

724.5 

0.03 

14768-14781 

6.25 

8.98 

56.1 

- 

14783-14795 

17.03 

8.66 

147.5 

0.07 

15064 

9.58 

3.34 

32.0 

- 

16038-16045 

1.58 

5.32 

8.4 

- 

16167-16229 

2.12 

5.71 

12.1 

- 

16230-16288 

5.46 

5.15 

28.1 

- 

a  Time  of  wind  weathering  up  to  time  of  beginning  of  rainfall 
or  of  sampling 
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FOLIAR  CONTAMINATION  DATA  FOR  PRIMARY  SAMPLES  OF  PLANT  FOLIAGE 

TAKEN  UNDER  DRY  CONDITIONS 
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On/plant  part  for  other  than  whole  plant  samples 


Table  3  (continued) 


J 


P 

J  0*1 

*  m 

\ 


& 


\ 

p 

<H 


P 

§ 

a  a 


l>  -H 


CO 


o 

CO 

00 

H 

S 

£ 

o 

CO 

H 

o 

CO 

H 

i-H 

H 

IT) 

e* 

o 

CO 

<9 

H 

<0 

CO 

s 

(0 

n 

r» 

H 

s 

r- 

s 

<0 

CO 

O 

H 

© 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

© 

iH 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

N  <0  00 


O  «  N 


«><4K)nii>S)r.o9a)oinoio«oHQ 

NoeoMiHift(ena>»-tninHNNr-tNcoift 

G'JNMHCOOCOOOOrt'HOHHOOO.-l 

o  o  o’  o’  o*  o’  o’  o  o’  o*  o*  o’  o'  o’  o’  o’  o  o’  o’ 


t^tn©<jicoio©StoxvH 

inoo^a>oa>«*oin»io 


*-•  o  o  t 

N  re  Tf  O  O  to  ■'t 

n  h  ri  n  to  n  Is 


OOCOCJVtOtOOOOCOOTjiHOrOrHOOO 


o 

•o 

00 

o 

co 

0) 

00 

Tf 

w 

3 

o 

rl 

H 

H 

•H 

p 

o 

o’ 

o’ 

CO 

CO  CO  H  «« 
U)  01  » 
<•0(0 
o  o  o 


o  o 


CO  CD  V  X 

So  «  o  n 

o  n  o  o 

O  O  O  O  r-t 

•  •  •  •  • 

o 


CO  T* 
CO  0> 


CO 

_  to 

tO  ©  CO  00 
O 


O  O  O  O  O  o  o 


o  o 


o 

o 


to  CO 


C'inrooHinoQi-tNcocor'OOOQOOri 

OOOOKHVNANOHQOIIOOOOtMO 

*-tOO'«fCO«coNOHtem'-teocoHi-ioin 


OOOHNO^O 


OHOOOOOOOO 


co^Mtommtncooocoinintootoooooo 

ootONCotonoNoo^^fio^innn 


at  x| 


v  h 

■zs 

9  I 

to  * 


QHN00lOlrttnHQH®r*©NX©©^a0 

nnniitOtOtONnNKlA'tlAlArlrtHlA 


CO 


I 

o 

s 


H  H  H  CO 
II  II 

COXHOOpC-tONHOHCONCOCO© 

C'*©C0©OO'P*'9>©G>©HHi-l1-IC0 

OOHNNN«flH®ti!iin(llAOfl 

^^VOClOlOlCttr<0(OtD(DIA(OB 

*4HHHHHi>I>4i-IHOOOQOOO 


32 


(fei/plant  part  for  other  than  whole  plant  samples 


Table  3  (continued) 


oo 

NONNNOf*^mi«aO>-tO) 

^'COWW^'VO'IMNrtOHt' 

ooooooooooooo 

•  •••••••••«•• 

ooooooooooooo 


ao  v  «  oo 
rp  00  O  H 
O  rt  N  O 
•  •  •  • 
o  o  o  o 


«  in  S 

H  CO  O 


o  o  o 


o  o  o 


N 

w 

o 

• 

o 


O  O  O  O  W  N  NOOOOCOC^ 

•  •••••  «••••• 

h  o  n  n  n  n  w  w  t*  o>  <o  id 


8 


1  I  I  I  I  I  I  I  I 
VIMfll'VONl'nQtVH 

HHHHHcinn«iff<i(o 

ooooohhhnhhho 


I  I  I 

sag 

O  H  H 
H  H  H 

o  o  o 


Gm/plant  part  for  other  than  whole  plant  samples 


Table  3  (continued) 
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Qm/plant  part  for  other  than  whole  plant  samples 


Table  4  (continued) 
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Qa/plant  part  for  other  than  whole  plant  samples 


Table  4  (continued) 
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Gm/plant  part  for  other  than  whole*  plant  samples 


Table  4  (continued) 
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Gm/plant  part  for  other  than  whole  plant  samples 


Table  4  (continued) 
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Qn/plant  part  for  other  than  whole  plant  samples 


Table  4  (continued) 
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Gm/plant  part  for  other  than  whole  plant  samples 


Table  4  (continued) 
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Gm/plant  part  for  other  than  whole  plant  samples 


Table  4  (continued) 
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Om/plant  part  for  other  than  whole  plant  samples 


Table  4  (continued) 
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Gm/piant  part  for  other  than  whole  plant  samples 


Table  4  (continued) 
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Gm/plant  part  for  other  than  whole  plant  samples 


Table  4  (continued) 
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•Ges /plant  part  for  other  than  whole  plant  sample 
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Gm/plant  part  for  other  than  whole  plant  samples 
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Gm/plant  part  for  other  than  whole  plant  samples 
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Qa/plant  part  for  other  than  whole  plant  samples 


Table  4  (concluded) 
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G«/pl«nt  part  tor  other  than  whole  plant 


Table  5  (continued) 
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01201-1  2.4  0.0655  0.028  damp 

a  Gm/plant  part  for  other  than  whole  plant  samples 
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Table  5  (continued) 
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24071-1  5.1  0.0382  0.018  damp 

24123-1  5.9  0,0135  0.018  dry 

24170-1  6.7  0.0376  0.022  dry 

24178-1 _ 4.3  0.0223  0.022  dry 

a  Gm/plant  part  for  other  than  whole  plant  samples 
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FOLIAR  CONTAMINATION  DATA  FOR  PRIMARY  SAMPLES  OF  LEAVES  AND  TWIGS 
FROM  LARGE  SHRUBS  AND  TREES  TAKEN  UNDER  DAMP  CONDITIONS 
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Table  7  (continued) 
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Table  7  (continued) 
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Table  7  (continued) 


os®®®®®®® 

cencceoac 

888888888 


000000000  > 

oouoouoyoi 

®v®«®®®«®® 

ssgegggggS 


(O(O(0(O(S(8(O(O(O<C 

mnnnnnnmnn 

oooooooooo 

**  oooooooooo 


n 

®  H  ® 


o  o  o 


sr  ® 

'-I  u 

9 


»  a  e  «  n  n  •• 

jpHWiohHrtonS 

0^00000^00 

oooooooooo 


n  bSs  i 

II  555  2 


■  A 

I 


n>,<o«wo^f»t»o 

navnoo^^nm 

oooooooooo 


l>  -4 

■ 


eeenoeeeee 

NNNNNflNNNN 


o  *  o 
•  *  • 
h  M  H 


I  e4  ed  H  H  n<  «4  H  |  | 

•  I  I  I  I  t  I  I  •  « 

uunnii 


TOM 

h  m  n 

•4  ri  >4 

o  o  o 


13906-1,3  2.0  -  0.00347  0.0044  E  side 


Tai/le  1  (concluded) 


2  8 
5  o 

o  c 


•  • 
o  o 


4> 

> 


a 

3 


4) 

a 

>s 


i 


4> 

U 

3 


3 


4) 

8 


Hi 


« 


cj 

«  *• 


8  g  S 
•  •  • 

o  o  o 


9  ?  8 
«  r>  w 
o  o  o 
•  •  • 

o  o  o 


o> 


> 

» 


1 


«rt  00 
•  • 
«*  n 


«  o  ® 
•  •  * 
n  «  n 


•  >• 
-*  * 


«  O  <0 
©  •*  rt 

8  8  8 


96 


Sample  vw  mL  aL  co 

Number  (mi/hr)  (gm/leaf )  ( sq  ft/gm)  PNR  Conditions 


a 

a 

CO 

•o 

•H 

>.  a 

h  0) 
Q  X 


QQQOQQQQQQ 


a 

a 

a 

a 

a 

E 

3 

g 

g 

E 

d 

a 

3 

3 

co 

X3 

73 

•c 

•o 

T> 

a 

a 

a 

P 

•rt 

P 

p 

•H 

a 

a 

e 

e 

a 

a 

e 

a 

3 

3 

cn 

o 

0) 

0 

tu 

<D 

•a 

■o 

•o 

<A 

to 

VI 

(A 

(A 

fl 

p 

p 

B 

Ea 

«. 

* 

•k 

CD 

0) 

0) 

ft 

a 

g 

a 

a 

(A 

(A 

m 

o 

0 

o 

0 

0 

P 

P 

p 

P 

P 

•s 

P 

P 

p 

P 

P 

a 

a 

a 

0 

0 

o 

o 

0 

0 

0 

o 

0) 

o 

x> 

■Q 

0> 

P 

P 

P 

o 

0) 

0 

a) 

iT 

Q! 

a; 

<D 

*o 

*o 

T3 

■a 

tu 

•o 

•o 

•a 

P 

•H 

•H 

P 

p 

•H 

p 

•ri 

CJ) 

cn 

cn 

(A 

e 

V 

o 

(A 

cn 

CO 

55 

CD 

w 

3= 

5C 

CD 

w 

/^v 

d 

h- 

in 

05 

r- 

h- 

cO 

00 

Tf 

O' 

Tt 

>t 

cn 

p 

o 

CM 

o 

o 

o 

o 

P 

o 

o 

i 

o 

1 

o 

t 

o 

l 

o 

CO 

• 

• 

• 

0 

• 

• 

p 

o 

o 

o 

o 

o 

o 

HH 

p 

w 

p 

cn 

co 

<H 

0) 

00 

m 

V 

a 

m 

i-l 

CO 

in 

04 

0$ 

g 

d 

00 

CM 

Cl 

CO 

x 

CO 

CD 

N 

X 

m 

>» 

o 

m 

h 

P 

O' 

O' 

a 

in 

CO 

TJ< 

CO 

o 

o 

o 

a 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

c 

o 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

a 

o 

o 

m 

o 

o 

o 

o 

o 

o 

o 

o 

in 

rt» 

X 

X 

X 

X 

X 

X 

00 

00 

o 

CM 

CM 

CM 

CM 

CM 

CM 

0* 

0* 

1 

o 

O 

o 

O 

o 

O 

o 

o 

o 

• 

• 

• 

• 

• 

• 

• 

• 

• 

o 

o 

O 

o 

o 

o 

o 

o 

o 

p 

0) 

u 

r- 

t* 

3 

flj 

r-l 

CM 

X 

o 

0“ 

cn 

X 

00 

o 

J 

05 

X 

X 

x 

CM 

co 

CM 

CO 

CM 

X 

i-l 

N 

t 

X 

p 

o 

o 

o 

• 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

CO 

o 

o 

o 

o 

o 

o 

o 

o 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

o 

o 

o 

o 

o 

o 

o 

© 

o 

o 

to 


CM  ^ 
®  fli  t> 
rM  X  X 
X  O 


X 


in  in  o  ® 
co  cm  to  o 
X  1-t  CO  H 


ooooooooo 


0) 

03 

X 

X 

p 

X 

X 

CM 

CM 

X 

iH 

00 

CD 

CM 

H 

in 

P 

1-1 

i-l 

p 

rH 

H 

H 

• 

o 

O 

o" 

© 

o 

o 

©" 

O 

m 

in 

X 

in 

X 

X 

X 

• 

• 

• 

« 

> 

• 

• 

CD 

cn 

X 

cn 

cn 

cn 

cn 

X 

CO  CO 


I 

s 

O' 


o  o 


CO  CO 

CO  H  CO  1-t  co 

111*1 

»  0)  o  o  i 

00  IS  9)  ®  ® 

X  X  X  X  X 

CO  CD  CO  to  to 


CO 

CO  CO 
.  -  CO  H 

H  (0  H  I  I 

1  I  I  tn  to 

rl  N  K  N  N 

SI  it  9  D  D 

X  X  X  X  X 

to  CO  CO  t£  <0 

rH  H  i-l  H  H 


p 

p 

-1 

•1 

-1 

P 

p 

p 

00 

X  ©  H 

X 

X 

Tt 

p 

p 

H  CM  CM 

X 

X 

X 

SS8SSSSS 


I 


a  a 


•a 


S 

V 

(0 


a 

0) 


>> 

t-  L, 

U  -c  X)  T3 


fr  I? 


h  h  h  h  h 

•a  -o  t:  •o  ’D  *h 

a 


u  -  - 


M  f* 

a>  v 


.  +J  4-»  H-> 


0) 


•P  (4 


a 

a 

a> 

a 

a 

a 

a 

a 

c 

c 

a 

p 

0) 

10 

o 

0 

e. 

o 

0 

0 

0 

® 

u 

® 

0 

0 

a 

a 

■P 

P 

P 

P 

P 

P 

o 

C 

0 

o 

a 

0 

•k 

•H 

* 

* 

Q) 

•k 

•k 

«k 

«k 

«k 

«k 

0k 

0k 

» 

® 

4-> 

® 

to 

ID 

® 

Q 

0> 

v 

V 

® 

u 

b£) 

-H 

v 

CO 

■D 

XJ 

■o 

•D 

■o 

•o 

•u 

T3 

® 

CO 

•u 

•H 

P 

Sn 

P 

•H 

■H 

-H 

p 

p 

p 

P 

p 

a 

a 

a 

a 

CO 

a 

a> 

m 

CO 

CO 

CO 

CO 

CO 

00 

CO 

a 

® 

>> 

>, 

s 

s 

g 

g 

>> 

0 

® 

> 

a> 

> 

3 

3 

3 

3 

a 

o 

3c 

o 

< 

w 

cn 

•s 

z 

w 

w 

o 

< 

Q 

a 

Q 

Q 

Q 

a 

Q 

«-s 

/"S 

00 

00 

oo 

IN 

CM 

CVJ 

CM 

CM 

x 

CVJ 

CVJ 

X 

N 

CO 

X 

o 

x 

CVJ 

£ 

■u 

CM 

X 

CVJ 

CO 

CM 

CM 

CM 

X 

x 

CVJ 

X 

04 

p 

rH 

H 

04 

W 

Q> 

z 

o  a 

0) 

o 

o 

o 

o 

o 

o 

o 

O 

o 

o 

o 

O 

O 

o 

o 

o 

o 

o 

3 

g 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

* 

• 

• 

• 

• 

• 

• 

• 

C 

p 

P 

o 

d 

p 

p 

o 

o 

o 

o 

c 

o 

o 

© 

o 

© 

o 

o 

o 

o 

o 

o 

o 

o 

a 

v 

OT 


%  X 
own 


a 

8 


a 

8 


be 


1  ~ 

1 

w 

X 

X 

t" 

a 

h 

X 

X 

X 

N 

X 

f  X 

\ 

rH 

CO 

X 

© 

rH 

CM 

04 

X 

Tf 

X 

x 

o 

o 

O 

X 

X 

X 

X 

1 

■J+-> 

V 

CM 

X 

«4< 

X 

in 

o 

tr 

x 

X 

X 

X 

X 

o 

O 

X 

04 

X 

X 

i  0) 

CO  <H 

P 

o 

o 

o 

p 

rH 

o 

rH 

Tf 

t-i 

r-l 

p 

rH 

• 

o 

O 

o 

X 

X 

X 

j  p 

3 

o 

o 

o 

o 

o 

o 

o 

© 

o 

o 

o 

o 

© 

N 

o 

o 

o 

O 

o 

o 

JO 

cr 

CO 

• 

• 

• 

• 

• 

• 

• 

• 

• 

. 

• 

• 

• 

• 

• 

• 

• 

. 

• 

cd 

H 

C0 

w 

►J 

• 

o 

o 

o 

o 

o 

o 

o 

o 

© 

o 

o 

o 

O 

o 

o 

o 

o 

o 

o 

o  o 
•  • 

o  o 


s 


o 

o 


o 

o 


o  o 


X 


x 


CO 

O 

CO  CVJ 

p 

0»  N  X 

o 

® 

X 

Tf 

co 

00 

HJI  X 

X 

O'  c 

CO 

p 

cc 

►J  rH 

X 

CVJ 

CO 

X 

dS  m 

X 

x  e 

n  x 

o 

o 

X 

o  H  rH  o  C 

•  •  •  • 

o  o  o  o  o 


O  O  O  O  H  rH  O 

•  •••••• 

o  o  o  o  o  o  o 


& 

>\ 

X 

o 

X 

m 

«n 

m 

•n 

X 

in 

X 

in 

X 

l>  'H 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

« 

. 

a 

w 

CO 

CO 

X 

X 

CVJ 

C'J 

X 

CM 

X 

CM 

CM 

X 

X 

Tf  <<J<  CO  to 

•  •  •  • 

X  N  N  H 


OT 


P 

p 

1 

p 

p 

p 

p 

p 

p 

p 

p 

p 

1 

p 

p 

p 

p 

p 

H 

H 

® 

u 

i 

1 

w 

1 

1 

1 

1 

1 

1 

1 

1 

1 

05 

1 

1 

1 

1 

1 

1 

1 

1 

p 

9 

X 

X 

X 

X 

X 

o 

rH 

X 

X 

Tf 

X 

X 

X 

X 

X 

X 

X 

0» 

X 

ao 

04 

a 

a 

OJ 

X 

X 

X 

X 

o 

o 

© 

o 

o 

© 

© 

© 

X 

f- 

X 

'fl* 

X 

X 

o 

0- 

8  8  8  8  8 


P 

in  in  n 


in  in  m  in 


rH  p*  ^ 
rtrlHfliHrlrtiH 

©OOOOOOO 


99 


1 

*- 


01530-1  2.7  0.0143  0.0038  Dry 

Q 1564-1  2.8  0.0156  0.0038  Damp  &  dry 


Table  8  (continued) 


\ 

CB  *H 

O' 

0) 

w 


<H 

CB 

0) 

H 

\ 


S3 


>>*>>>» 
h  h  h  h 
•O  TJ  V  T3 


he 

03 

tn 

01 

tn 

bn 

•H 

S 

0 

B 

a 

•h 

0) 

U 

0) 

(D 

t-> 

+■> 

P 

•p 

p 

p 

03 

tn 

01 

tn 

u 

•H 

p 

•H 

•H 

it 

>» 

>i 

>> 

t) 

it 

It 

tn 

01 

U 

U 

it 

a 

q 

m 

0) 

0) 

a 

a 

■o 

•o 

S 

S 

B 

a 

>v 

>» 

>» 

>» 

o 

■* 

It 

It 

k 

•H 

* 

A 

V 

•» 

ft 

* 

a. 

tn 

•a 

•a 

•u 

TD 

•o 

TJ 

4-* 

a) 

0 

o 

3) 

bn 

03 

V 

0) 

tn 

X 

t4 

*D 

n 

TJ 

■o 

a 

TJ 

V 

T3 

XJ 

cs 

•» 

* 

•* 

* 

T5 

•H 

•H 

•H 

•H 

it 

•H 

•H 

•H 

•rt 

it 

& 

a 

a 

& 

CL 

CL 

CL 

CL 

c 

03 

oi 

03 

(0 

a> 

01 

tn 

03 

tn 

0) 

B 

B 

rt 

0 

B 

§ 

3 

E 

o 

> 

> 

3 

CO 

3 

a 

It 

3 

CO 

aj 

it 

Q 

55 

w 

03 

•s 

< 

55 

14 

03 

£ 

< 

/•N 

Q 

Q 

Q 

Q 

Q 

Q 

a 

Q 

Q 

Q 

3)1 

«l 

1 

00 


tS  ®  ffl  ®  ® 

xxxxxxxxxx 

QQ0O0PPPPP 

oooooooooo 

oooooooooo 

oooooooooo 


X 

X  X 
01  X  X 

o 

o  o 
o  o 


05  f»  X  X 


p  t* 


n 

p 

o 


tf  X 

o  o 
o  o 


in  cm  x  m  cm 
t*  in  oi  a  a 


o  o 
o  o 


o  o 
o  o 


oooooooooo 


XXf'OOlQPXXX 

n«HS(«flio|nsij 

OOOOOOOOOO 
•  «•••••••« 

OOOOOOOOOO 


01 


^  Tjl 

x  x  n«  ts1 

O  O  P  P 

o  o  o  o 


o 

CM 

o 


o  o  o  c  o 


N  m  N  M1 

X  CM  X  CM  X 

P  X  X  O  X 

o  o  o  o  o 

•  •  •  «  • 

o  o  o  o  o 


u > 
% 


p  p 
X  X  X  X 
o  O  x  X 

o  o  o 


o  o 


o  o  o  o  o 


X  X 
P  01  01 
X  X  X  X 


o  o 
o  o 


o 

p  X  X 

o  o 


o  o  o  c  o 


It 

l>  H 
0 


oooooooooo 

xxxxxxxxxx 


01 

p 


01 

If 


X  X 

xxxx  «xxxx 


P 

H 

H 

H 

<n 

It 

| 

1 

1 

1 

P 

¥ 

X 

0! 

o 

P 

& 

•2 

X 

X 

P 

P 

a 

a 

o 

o 

o 

O 

« 

3 

X 

X 

X 

X 

X 

S5 

H 

H 

rt 

p 

H  H 
I  I 
X  X 


xxxx 


H 

I 

p 

P 


1 

P 

p 

p 

p 

p 

p 

H  H 

p 

p 

tn 

« 

1 

i 

1 

1 

1 

1 

1  1 

1 

1 

X 

X 

N 

o 

X 

X 

X 

01  H 

X 

X 

p 

X 

X 

p 

p 

X 

X 

N  ^ 

P 

X 

8 

8 

O 

X 

o 

X 

o 

X 

o 

X 

o 

X 

8  8 

o 

X 

o 

X 

H 

p 

p 

p 

p 

p 

rH  H 

p 

p 

100 


(mi At)  (gm/leaf)  (sq  ft/gm)  PNR  Conditions 


i 

I 


! 


i 


f 


t:  t: 

■a  -o 


0.0,0. 

9  19^ 

Q  Q  Q  Q 


<H 

CM 

CM 

00 

00 

CO 

iH 

rH 

O' 

re 

0) 

o 

o 

o 

o 

rH 

• 

• 

• 

• 

•o 

(0 

0 

o 

o 

o 

o 

u 

M 

CO 

H*1 

0 > 

<T> 

CO 

«o 

CM 

H 

CM 

H 

oo 

1 

o 

rH 

if 

rH 

V 

o 

O 

o 

o 

d) 

• 

• 

• 

• 

£ 

o 

o 

o 

o 

lilt 


I  I  I  I 


rH 

H 

H 

H 

® 

h 

1 

1 

1 

1 

rH 

V 

H 

CO 

CO 

CM 

ft 

CM 

CM 

CO 

O' 

a 

O 

O 

o 

o 

a 

a 

hC 

O' 

O' 

V 

CO 

S5 

CM 

CM 

CM 

CM 

k 

u 


[! 

ii 


101 


a 

• H 
■P 


I?  fr 

■o  -o 


c  c  c 

•HI  *H  *H 

a  co  a 

h  h  h 


a  a  a  a  a  a  a  a  a  a  a  .e  .a  jo  a 

ssMsssaaassfrssss 

QQQaQQQQQQQQQ»*3eQ 


CO' 


i  95 

CO 

!  w 

X 

CO 

m 

o 

l> 

co 

CO 

CO 

Q 

CJ 

CO 

CO 

m 

i  < 

H 

X 

co 

X 

H 

co 

H 

CO 

CO 

C3 

<0 

m 

01 

01 

o2 

§ 

CO 

to 

N 

oo 

N 

CO 

00 

o 

CO 

H 

o 

CJ 

*■4 

h» 

!  o 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

■ 

o 

o 

o 

o 

o 

o 

o 

H 

) 

o 

o 

o 

o 

o 

o 

o 

OS 

W 

o 


CO 

a 

§ 

H 


in 

v 

J3 
OS  o 

a 


pcopcocoa*ppoo 

PC0OPP<-iOONN 
•  ••••••••• 

oooooooooo 


®  f  t  f  H 

H  O  ©  o  o 

•  •  •  •  « 

o  o  o  o  o 


1 

o 

X 

X 

1 

w 

e 

H 

o 

** 

p 

o 

CO 

j 

> 

2 

X 

c- 

N 

X 

p* 

Q 

h> 

< 

X  -H 

o 

CO 

CJ 

P 

X 

CO 

o 

i 

g 

s 

o 

o 

o 

o 

CO 

o 

o 

o 

•* 

w 

• 

• 

• 

• 

• 

• 

• 

j 

cn 

o 

c 

o 

o 

o 

o 

o 

;  o 

< 

s 

c 

i 

H 

« 

CQ 

< 

S 

(1) 

X 

a) 

a 

CO 

CQ 

X 

X 

p 

H 

o 

X 

<  iH 

> 

CO 

CO 

W 

X 

N 

X 

X 

ja 

a 

j 

>• 

• 

X 

GO 

H 

X 

rH 

o 

X 

« 

as 

j 

fH 

• 

• 

• 

• 

• 

• 

• 

i  H 

P 

rr1 

2 

o 

o 

O 

o 

o 

o 

o 

5 

( 

Up 

w 

* 

•t 

i 

< 

CO 

in 

t 

w 

OS 

/•*» 

X 

X 

h* 

X 

00 

a* 

X 

s 

•H 

• 

• 

• 

• 

• 

• 

• 

< 

5 

t-  a 

Ol 

C5 

m 

X 

CD 

X 

as 

9 

w 

CO 

CO 

co 

X 

CO 

F-* 

2 


s 

OS 

< 

p 

g 

b. 


■p 

A 

a 

H 

o. 

a\ 

a  a 


«  « 
bfl  X 
<  a 
•o 


P 

P 

p 

P 

p 

Ip 

p 

Ip 

p 

p 

p 

p 

H 

CO 

P 

bo 

V 

u 

1 

1 

1 

1 

1 

I 

1 

1 

1 

i 

i 

1 

1 

1 

1 

1 

P 

9 

X 

X 

X 

i-l 

N 

N 

CO 

CO 

o 

o 

X 

X 

o 

H 

N 

X 

h 

a 

25 

co 

■o 

X 

X 

X 

X 

00 

X 

CO 

a* 

a< 

X 

X 

p 

p 

X 

o 

a 

a 

CO 

Ol 

CO 

CO 

CO 

co 

CO 

CO 

a« 

a* 

a< 

X 

p 

CO 

CO 

CO 

o 

a 

3 

P 

H 

P 

P 

P 

P 

H 

P 

ip 

p 

p 

CO 

CO 

CO 

CO 

CO 

X 

% 

o 

O 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o 

Ip 

p 

fH 

P 

CO 

a 

102 


u 

a 

a 


e 

a 


u 

& 


1 


plant  part 


Table  9  (continued) 


m 

c 

0 

i-(  iH 

a  p 

P  P 
P  'O 

■h  c 
e  o 

P  U 


a 

0) 


s 

P 

P 

i 

a  a  a  a  a  a  a 

g  §  §  § 1 1 1  55 

QQGQQQQQQ 


a 

ffl 

£ 

*  8 


N  (0 
(O  « 
04 

•  • 
o  o 


«  > 
P  O 
•  • 
o  o 


n 

o 

n 


N 

o 


u  u  u 
■o  "V  V 

aaaa&ag-.. 

1 1  s  i  §  1 1  r?  5 

qqQQQQQQQ 


io  x  ic  a  s  to 

n  ®  in  S  ®  ffl 

'  p  t"  lO  04 


•  * 
o  o 


o  o  o  o 


M  n  rr  p  o  o 
»-t  p  P  o  N  N 
*••••* 
o  o  o  ©  o  o 


■§ 

d 

p 

p 

c 


c 

a 

3 


p  o  to 
n  «  in 


N 


X  W  N 
O^M^NNH 
OPOOOOOO 


I 

o 

o 


0-  a 


p 

d 

a 

P 

O.^ 


a 

M  H 
<  a 
■o 

W 


0  ^ 
^  0 

n 

on  x 


o 

o 

o 

o 

o 

o 

o 

o 

p  I 

o 

0> 

SI 

to 

M 

A 

a* 

A 

to 

a 

,  790 

s 

N 

00 

8 

n 

a1 

p 

in 

H 

N 

A 

2 

CM 

a 

o 

• 

O 

• 

o 

a 

o 

a 

o 

a 

o 

. 

O 

a 

o 

o 

r»  o> 

H 

r- 

o 

o 

p 

n 

n 

to 

50. 

28. 

ll. 

a 

e» 

CM 

a 

to 

CM 

a 

<o 

cs 

a 

m 

CM 

a 

to 

CM 

a 

to 

« 

0> 

N 

o>  o  T  *"  01 

n  i  i  oo  m 

p  p  p  t*  co 

o  o  o  o  o 

•  •  •  •  • 

o  o  o  o  o 


00  00  0>  p  C> 

Ci  ®  0>  00  'J* 

O  Ct  if  rl  N 

•  1*1* 
o  o  o  o  o 


•  •  •  •  • 

a  in  in  n  x 

n  Is  n  n  n 


®  q  f*  a  $d 

§  1  8  S  5  5 


in 

« 

o 


o  o  o  o 


s 

o  o  o 


oi»xooin#oop® 

8«pp<NiftNPn 


i 

o 


S  8  3  S  8  * 


o  o 


P  N 
_  A  A 

N  C4  n  a  « 
x  #  #  9  ®  ID  5 
o  o  o  o  o  o  o 


I  «  I  I  till! 
C40PP»t"f*gS 
xxaa-tnnSS 
onfn«wa«a'AA 
^^^hhhhhh 

ooooooooo 


104 


Or  graa  per  plant  part 


Saaple  Age  *p  T  kw  R  Initial 

(daya)  (g»/plant)a  (■!)  Yw  (mi-1)  (inches)  V  Conditions 


S-  9-  2-  2-  2-  &  ^  a  a  a  a  a  c.  a  a  a 

i  i  £r  I  §  1  9  2?  9  9  S  §  i  i  S  §  8 

QQQQQQQQQQQQQQ  q  q  q 


ao 

o 

00 

* 

<0 

n 

w 

ca 

(0 

« 

• 

• 

e 

e 

• 

o 

o 

o 

o 

o 

■o  r» 
o  m 
3  H 

C  • 
•H  O 


U  H 

s  s 


p)®p#|'oi^®nnHri 

C4MMinc40Qe>0(on>n 

oooooooooooo 


o  o  o 


oooooooooooo 


NNpNinn'fNooaiHH 

*  •  •  •  . . 

oooooooooooo 


•  *••••»••••• 
ni'ic«»iic»®SNrtf< 
®  «  O 

»■«  t-  1-t 


«ac®a«HaiA 

««nr*^noooo 


N^P)2SSf<i«e< 

w4  ^  ^  ** 


I  I  I  I  I 

«  S  3  $  5  3  8 

W  O  H  H  3  ^  irt 

S  s  S  S  S  2  3 


S£?23s 

S  s  s  s  §  8 


A  o  i 

2  2  8 

H  H  H 

o  o  o 


Or  gram  per  plant  part 


Table  9  ( continued ) 


CD 

C 

0 

r4  *a 

a  *» 

i-4  i-4 

**  "2 
■rt  C 

C  0 
«-4  u 


>4  >4 

U  Vi 

•o  -o 


a  a  aaaaaaaaaaaaaaaaa 

§§hl<ilii§§§§§§§§ai§d 

QQQQOQQQQQQaQQQQQQQQ 


H 

d 

00 

H 

r4 

01 

0) 

01 

r- 

n 

CM 

N 

H 

CO 

lA 

CM 

o 

in 

CM 

u-> 

<0 

CO 

o 

«n 

CO 

<r> 

lA 

V 

r* 

CO 

H 

CM 

CM 

ft 

• 

• 

• 

• 

ft 

• 

• 

ft 

• 

• 

• 

• 

• 

H 

f-i 

H 

O 

O 

o 

o 

O 

o 

o 

H 

o 

o 

o 

ai 

fa¬ 


in 

Jg 

«  U 

e 


i 

ft  -H 

*  B 


rinr-innrfir-IQQ 

iHCMO'M'-'.HONN 

0  0  0*0  0  0  0  0  0 


iH  01 

o  o 


c  o 


8 

o’  o  o 


n 
o  o 


G 


CM 

m 

Tf 

00 

oo 

<o 

o 

oo 

CO 

<£ 

H 

co 

8 

H 

m 

o 

H 

H 

*4 

o 

CO 

ft* 

CO 

o 

o 

O 

5 

o 

o 

o 

o 

ft 

ft 

• 

ft 

ft 

ft 

ft 

ft 

s 

o 

o 


r-  h- 

eo 
o 


-i 


sf 

a 

£ 

« 

O 

ar 


o  o  o  o 


o  o 


s 

t-4  CM 

o  o 
o  o  o  o*  o’ 


1-4  1-4  Ol 

in 
(0 


H  ®  } 
NO® 
in  rf  i- 

ft  ft  ft 

coo 


f" 

01 

ar 

N 

n 

CO 

2* 

ft1 

t*- 

CM 

ar 

in 

N 

® 

*-4 

« 

CM 

CM 

CM 

M 

H 

n 

• 

ft 

ft 

ft 

ft 

• 

• 

• 

o 

o 

o 

o 

o 

o 

o 

o 

f-  ■ 


at 

CM 


00  t-  •  ® 

•  •  ft  • 

®  «  40  fa¬ 
rt  *»  n  « 


r*  cm  Is- 

1-4  0  1* 


n  <«■  <0  r* 

CM  CM  in  ar 


\  I 


s 

1-4 

,  a 

\ 

1 


« 

r*  cm 

on®  o  n  cm  «o 


0^0 


ar  n  n  co 


&  H 

<  • 

■o 


ft  la 

IM 

a  § 

«  X 


jiuijiuiincao 

nifinoto'ca* 


i  i  i  i  i  i  i  i  «  i  i  i 
ONNor*®«QO®*-4® 
arto«®®®®Nnnm<o 
PONNnnnrtMrftPftFOO 

OOOOOOOOOO^N 


106 


«a  «•  O  N  O  ® 

A  «  CM  4*4  P 


CM 

n  r* 


M  S 

af  ft1  Ip 

a*  *a  O 


Or  gram  per  plant  part 


<0 

a 

o 

•H  -H 
■M  XJ 

a 

s  s 


f  t 

a  a 


>» 

■D 


ra  a  a  a  a  a  d  a  a  a  a  a 

9hSlS999a^99SS 

QDOQQDQQQOQQQQQ 


-1 


t- 

lO 

® 


IS  (0 


C*  Cl  »  00  M 
rt  N  lA 


M  Q 
A  2 


0^^000000 


01 

CO 


M 

£ 
as  O 
c 


CM 

o 


<-«NO'-|’-«^OC3n 

ooooooooo 


o 


« 

3 

c 


01 


J3 

m 

f- 


I 

*-* 

M  « 


*-  ■ 


a  N 

v  «  «n 

«  MO 

£  8  o 

^  *  # 

**  o  o 


1 

*•1  S 

a 

o 


P»  0O 
in  « 
co  c- 
•  • 
o  o 


r-  n 
«  • 
h  o 

M  N 


•ft 


•-<  (OlftOtOrtCMO 
01  t*  I*  $  t*  PI  01 


SO 

8 


01 

« 


o  o  8  o 


N 

o  o 


o  o  o  o  o  o  o 


CO 

«  Q  M  •*  Q  N  Q 
awe^oisf*®® 

•fNoSONHPl 

*•»«*••• 

OOOOOOO'H 


•  r* 

«  a 

«  M 
o  f* 


as  f*  ♦  n  •* 

•  •  •  •  • 

O  ft  N  IS  O 

n  «  «  5  « 


n 

M 

oi  o 


n 


8  N 


-N  •-< 


•  U 

ii 


•  c» 
o  Ift 


to  A 

S  X 

5  © 


8  8 


•  «  i  i  i  i  i  i  t  i  i  i  i 

»#8SSit;#v'itfHto«f*A 

oooooooooe«««^»< 


107 


) 


Or  (tw  per  plant  part 


Table  9  (continued) 


« 

e 

o 

-H 

a 

•*4  "H 

**  TJ 
■H  C 

e  o 
«  o 


<a 

v 

JR 
X  O 

a 


i 

■x  a 


M 

*• 


x> 

S) 

3 

e 


•  »• 

11 

«n  at 


a  a  a  a  a 

I  S  I  I  1 

a  Q  o  a  a 


10 

CO 


N 

o 


ifl  «  O  |H  # 

SO  O  ^  « 

n  n  v  (*  n 

o  o  o  o  o 

•  ••It 

o  o  o  o  o 


SO  <ft  »  CO  O  0 

O  o  i  «  2  0 

«  f*  cm  i  n 

•  III*  » 

o  o  o  o  o  SO 


*<  t»  »*  n 

•  iii 

•*  t"  «ft  » 
-<  N  N  M 


N  **  cm  ■*  <n 

«**  &  SO  »  •< 

O  <n  «  cm  m* 

•  l  •  •  • 

o  o  o  o  o 


■ft  ®  ®  n  n 
®  O  O  -*  Mr 


2  8  5X8 

x  n  n  •  e 

sssis 


2T  2? 

•a  -a 

a  a  aaaaaaaaaa 

SfJriSSSiSSiSS 

QQQQO&QQQQQQQ 


2 


01 

o 


01 

© 


rt 

o 


CO 

01 


Ci 

Cl 


® 

SO 


t- 

o 


SO 

V 

o 

o 


s 

M 


00 

a 

SO 


in  h  tn 
rj  •** 
iH  P*  ri 

o  o  o 
•  •  • 

on  o 


3  8$ 

i»  ^  --M 


\ri  « 

3  8 

o  n 

•  a 

o  o 


o>  sa 


o  o 


m  ic  r« 
Cl  C« 

S©  t-  CO 

o  o  o 
•  .  • 
o  o  o 


S'!  90  SO 

«  so  e 
n  •<  ji 

•  *  a 

o  o  o 


^f«r'M01M®o<O 


n  *  sc 

SO  *  U 


*r  s- 
r*  h 


cn 


P**  ?■** 
c.»  .S  *? 


8  5  8  3  » 

N  n  «  n  h 


« 

4T 

o  — 


O  O  O  O  ®  *-■>  o 


O  9  A  91  9  f 
n  «  to  rt  o  O  n 


pi  n  n 


9*  P<  «“t  H 

I  I  I  I 

r  <ft 

flf'fshaeifiiiK 
QQrlvlHOHHrtftne 


108 


14739  102  13.3  724.5  0.26!  0.00184  0.GJ  >.264 


w 

c 

0 


o  <-> 

•H  -H 
<->  "O 
-H  C 
C  0 
«  u 


n 

t. 

O 


aaaaaaaaa  a  a  a 

839599191^1^99^ 

QQaaQQQQaaaaQQ 


:►>  >. 

u  u 
a  a 


9 


N  00  V  ^ 

cvj  r*  rr  r-  t» 

w  o  ©  n  ao 

•  m  •  •  • 

o  o  «-*  o  o 


90 

8 

o 


at 


t"  n  in  n  i/i 

o  <H  ^  o  N 

•  »  •  •  » 

o  o  o  o  o 


8 


00 

WO 

o 

M 

n 

r4 

<6 

as 

<**■, 

1  "c 

n 

h* 

Ci 

H 

<T> 

s 

■a 

■■4 

4> 

H 

o 

n 

04 

M 

in 

o* 

G 

04 

& 

1 

1  3 

o 

o 

o 

o 

o 

o 

1 

i 

o 

I 

o 

« 

o 

*  ^ 

• 

• 

* 

• 

• 

• 

t 

• 

v» 

• 

£ 

>:  a 

o 

o 

o 

o 

o 

o 

o 

o 

H 

o 

■H 

w 

*-> 

88 

6 

*-» 

*2 

0 

3-4 

5 

o 

W 

0 

w 

tO 

o- 

as 

00 

5fl 

r4 

c 

I  f4 

M 

<s> 

co 

o 

00 

cc 

« 

<T> 

3 

u 

tf) 

(O 

*-4 

n 

(0 

o 

wS 

o 

* 

rt 

$ 

» 

*- 

0 

* 

* 

ft 

* 

• 

• 

• 

• 

• 

• 

fc. 

• 

© 

o 

1  o 

o 

o 

o 

o 

o 

ft-4 

r* 

O 

•>o 

o 

c. 

o 

X 

£ 

• 

u 

ex 

sa 

1 

• 

tfJ 

r* 

3> 

r» 

n* 

o 

n 

to 

<0 

O- 

» 

* 

• 

t 

«  * 

• 

• 

» 

• 

• 

* 

* 

* 

ft 

»-  * 

h 

o  Q 

as 

o* 

M 

<0 

<9 

n 

n 

n 

3D 

w  I 

* 

CO 

«  35 

N 

n 

n 

N 

04 

04 

r4 

•>4 

1*4 

N 

* 


Ml 

C 

o 

iH  -H 

<9  P 
H  H 

p  ■a 
•H  C 

s  o 
m  a 


p 

TJ 


a  a  a  w  a 

I  i  i  i  1 1 1: 

Q  Q  Q  Q  Q  Q  Q 


a 

u 

JS 
>,  p 
p  H 

a  s 


a  a  a 

§  i 

Q  Q  Q 


a  a  a  a  a 

a  §  §  i  «  p 
O  a  Q  Q  O  Q 


a 


CO  01  01  I/!  O 

m  n  to  oi  n  oo 

a  n  h  n  o  n 

O  O  H  O  o  o 


n 
01  01 

TJI  Irt 

«  o 
•  • 
o  o 


n 

oo 

CO 

o 

o 


SO  H  o 
N'  00 
O  H  H 
•  •  • 
o  o  o 


(A 

J8 

«  o 
c 


n  n  h  to  oo  o 

O  O  O  H  TJ<  N 
O  O  C  OHO 


a?  o 


o  o 


O  m  N  ift 

n  ho  cv 

•  •  •  i 

o  o  o  o 


I 


•a 

ai 

3 

c 

■H 

P 

e 


oi 

0) 

H 

J3 

a 

E-> 


i 

•t  -  H 

^  a 


08 

P 

s 

H  00* 


•rt 

k-  a 


00 


CO 

00 


CO 

01 

00 

O 


ON 

OJ 

CO 


CO 


oo 

N 


01 

P 

3 

P 

<A 

CO 

ft, 

*1 


5| 


o> 


01 

01 

ao 

CO 

00 

in 

00 

O' 

co 

00 

H 

m 

r-l 

H 

01 

N 

■O' 

co 

N 

<o 

o 

a> 

o 

o 

o 

o 

O 

o 

* 

H 

• 

• 

• 

• 

• 

• 

o 

u 

C5J 

o 

o 

o 

o 

o 

o 

CQ 

(A 

ao 

01 

W 

03 

o< 

l* 

tH 

t- 

f- 

o' 

CO 

00 

f« 

o 

Tj< 

Tf 

o 

CO 

H 

o 

CM 

tH 

rH 

• 

o 

• 

• 

• 

• 

• 

o 

o 

o 

o 

3 

o 

o 

o 

H 

N* 

CO 

01 

03 

c>- 

01 

rH 

M 

« 

• 

• 

k 

• 

• 

• 

• 

• 

k 

CO 

h* 

oj 

o 

00 

in 

CO 

01 

rH 

CO 

N* 

CO 

in 

OJ 

CO 

03 

03 

a  a 
a  V 


oi  to 
bo  X 
<  to 

TO 


H 

tH 

H 

rH 

H 

iH 

rH 

a> 

p 

1 

| 

1 

1 

1 

1 

1 

pH 

J) 

CO 

CO 

n 

H 

CO 

m 

in 

a 

A 

00 

01 

o 

H 

N 

CO 

s 

B 

H 

H 

53 

03 

N 

m 

co 

5 

H 

H 

H 

iH 

H 

H 

H 

w 

s= 

O 

O 

o 

o 

o 

o 

O 

I  I 
01  CO 
CO  H 
H  N 
CO  00 


NtfHONXfPlN 

uoaoc'joooocoo 

icmiOHriioioofo 

*••••»•*# 

ooooooooo 


OOOHHaOOOC*® 

tocounnoiooiin 


CIOOONWN^xk) 

TftrtincoootoNtnio 

HHHOOOQtftn 

'f'tO,®COt90(O(O 

HHHQOOOOO 


P 

P 

ra 

a 

p 

c 

CO 


P 

& 


P 

bfl 

P 

O 


110 


S'9-9<9-9,9'9-aac-o- 

QDQQOQQQQQQQ 


aaaaaaaa 

ilililii 

a  a  a  q  a  q  a  a 


CO 

m 

00 

N 

o 

00 

00 

*— 1 

rH 

X 

in 

<0 

o 

CO 

CO 

X 

© 

CO 

o 

© 

o 

o 

CM 

o 

• 

• 

• 

• 

• 

o 

o 

o 

c 

o 

o 

© 

© 

© 

N 

X 

X 

X 

iH 

cm 

X 

X 

in 

o 

iH 

o 

X 

o 

• 

• 

• 

• 

• 

© 

o 

o 

o 

o 

w  t*  m 
<-<  O  M 
•  •  • 
o  o  o 


X 

o 

in 

C» 

m 

o 

CO 

r-i 

o 

M 

• 

• 

• 

• 

• 

H 

© 

o 

© 

o 

iH  01 

.  1  ** 

5  -h  a 

H  B  O 


co  in  I-* 
t-  h  co  co 
X  X  N  N 

n  o  o  o 
•  •  •  • 
o  o  o  o 


X 

O  X 

ID  X 

"0<  o 


X  X 

X  X 

N  tT 

O  O 


P)  M  rl 
X  X  >H  <N 
»~t  X  X  X 
r-l  o  O  O 
•  •  •  * 
o  o  o  o 


xx  Tf  oo 

xx  xx 

*"  x  w 

•  •  •  • 

o  o  o  o 


Nc^OiCMNI^O)^ 

•♦•••••• 

C'HXtJ'XiOiNX 


wf'xt^xr.  c*^j«xc'ii-t 

NXXXNt-OCMNClO 

i  xxiiff^HHiB^n 

*••••••«••» 

ooooooooooo 


H  «  rf  ffl  ffl  ©  N 

h  x  x  ■o*  Tf  f»  r» 

I  W  O  »H  O  O  H  X 

•  •  •  •  •  •  • 

o  o  o  o  o  o  o 


’“•OOOTfTjlTjtHl-IXXX 

xxxxxxxxxxxx 


'■■•©OOHr'*®® 

XX  X  X  xxxx 


H^<0>CSXXC'JH«t®in^!' 

X'sfTjiXX^XXXXP'X 

OHHHHNt'QOOOX 

HrHiHiHHr^r^OOOOO 


©Xi-*Q^<P»<jim 

'tTfXXXXXt^ 

O'-tHHOOOO 

■-tHHHOOOO 


Or  gram  per  plant  part 


Table  9  (continued) 


01 

G 

0 

rH  *H 

co  p 

•H  *H 

P  -D 
•H  C 
G  O 
M  O 


aaaaaaG.aaaaG.ao.aaaa 

sssessssasaassesse 

coococacoacaeocacjjjcaco^ncococo 

QQQQQQQQaQQQQQQQQa 


N< 

to 

rH 

CO 

•u 

o 

to 

05 

05 

Cl 

cq 

Cl 

00 

CM 

00 

05 

Cl 

CO 

rH 

o 

O 

o 

o 

03 

o 

o 

* 

• 

• 

* 

• 

• 

• 

o 

o 

o 

o 

o 

o 

o 

01 

0> 

r 

os  O 

fi 

•H 


I 

i*  -H 

*  B 


CO 

o 


o 

CO 


H  H  Ifl  lO 

o  O  H  H 
o  o  o  o 


IO 

rH 

o 


* 

j* 


•H 

t-  a 


h* 

CO 

rH 

H1< 

tp 

tH 

CO 

05 

oo 

o 

CD 

p 

CM 

c~ 

o 

o 

to 

t» 

in 

N 

<N 

O 

o 

05 

05 

CO 

o 

r 

05 

u< 

CO 

r* 

•'l' 

co 

t"* 

V 

rH 

o 

C5 

o 

rH 

o 

rH 

o 

o 

o 

o 

a 

o 

s: 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

* 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

01 

01 

(X 

rH 

co 

(X 

CO 

rH 

r- 

in 

CO 

CD 

o 

© 

<N 

rH 

o 

05 

05 

01 

u 

t"* 

r- 

iO 

00 

O) 

w 

H 

■H 

CO 

00 

05 

rf 

o 

rH 

o 

r- 

00 

d 

r* 

CVJ 

rH 

co 

o 

o 

o 

• 

• 

• 

o 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

CO 

rH 

W 

05 

D3 

rH 

rH 

05 

05 

in 

m 

rH 

rH 

CO 

CO 

o 

o 

rf 

N 

<VJ 

h* 

co 

CO 

10 

CD 

rH 

rH 

tx 

05 

05 

03 

IN 

tH 

CO 

rH 

rH 

cq 

<N 

m 

m 

<0 

10 

co 

rH 

rH 

a  a 

a 


v  in 
bfi  X! 
<  a 
•o 


oo  Is- 

TfOUlltS^HXHOOt-XNONp 
tnorHOON'C'IHINC'JO’-'aoiOaOf'' 
i  nnnnnnnnnnnpjnNnoo 

ooooooooooooooooo 


'-•ooofjnMcopiPonMoooo^Tft-iH 

nisniciouvOfflisifliBiBsifluicnn 


i) 

u 

a 

0 

a 

O 

a 

0 

& 

U 

XJ 

O 

S3 

o 

pH 

i> 

o 

CD 

QO 

rH 

05 

o 

H 

D3 

m 

C0 

00 

0) 

© 

rH 

co 

C0 

a 

S3 

So 

rr 

CD 

tx 

00 

00 

00 

oo 

oo 

00 

00 

00 

oo 

ft 

Cl 

co 

co 

g 

B 

o 

iH 

rH 

H 

H 

H 

H 

rH 

rH 

H 

rH 

rH 

H 

rH 

rH 

rH 

p 

o 

3 

3 

If 

xf 

* 

rf 

Tf 

Hf 

Hf 

f 

TT 

<0 

to 

w 

85 

rH 

rH 

i H 

tH 

rH 

rt 

rH 

rH 

rH 

tH 

rH 

rH 

tH 

tH 

tH 

rH 

o 

o 

£  o  T) 


112 


Or  gram  per  plant  part 
Stalks  from  windward  edge  of  the  plot 
Stalks  from  center  of  the  plot 
Lower  leaves  splattered  with  mud 
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Table  9  (continued) 
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Table  9  (continued) 
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Table  9  (continued) 
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Table  9  (continued) 
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Table  9  (continued) 
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FOLIAR  CONTAM N VTION  WEATHERING  DATA  FOR  LARGE  SHRUBS  AND  TREES 


a 

E 

rt 

■u 

a 

a 

1 

a 

a 

§ 

X 

*0 

s 

§ 

X 

0 

« 

S3 

c 

> 

- 

T3 

*o 

* 

0 

cu 

•H 

0 

- 

- 

*u 

u 

■fi 

if 

# 

•H 

X 

0 

0 

X 

V 

a 

r-H 

rH 

c 

0 

w 

w 

0 

- 

- 

S 

V 

•c 

*D 

- 

— 

0 

O 

- 

r~i 

T3 

T3 

■*-> 

*0 

a 

0) 

0 

0 

u 

0 

•H 

C/5 

cn 

o 

o 

X 

*-> 

a 

a 

0 

0 

■*-> 

a-» 

0 

•W 

E 

e 

a 

a 

0 

0 

a 

C 

3 

« 

X 

X 

u 

X 

1-4 

a 

a 

w 

w 

a 

a 

w 

a  a 


e 

£ 

>v 

>» 

a 

u 

u 

"O 

■c 

E 

*3 

V 

- 

- 

■o 

- 

- 

vi) 

0 

V*) 

a> 

X5 

— 

"G 

•a 

•H 

•H 

if 

>» 

>> 

-H 

i-4 

cn 

cn 

0 

u 

u 

X 

cn 

*o 

■c 

* 

w 

w 

w 

X 

- 

- 

T, 

*0 

•o 

£ 

- 

- 

0 

0 

0 

* 

- 

*U 

•o 

+J 

•3 

■a 

0 

u 

u 

o 

O 

0 

CA 

a 

o 

0) 

0 

X 

0 

0 

4-» 

•M 

0 

0 

a 

a 

0 

0 

0 

a 

a 

X 

X 

u 

h 

X 

X 

u 

u. 

w 

w 

a 

s, 

a. 

Ui 

w 

a 

a 

r- 

H 

01 

n 

n* 

* 

to 

f*4 

CN 

n* 

n 

>• 

CN 

CV1 

»— 4 

o 

CN 

o 

o 

o 

o 

o 

s 

cn 

0 

CD 

to 

X 

X 

X 

£ 

^4 

■<r 

n* 

V 

a:  o 

• 

• 

a 

• 

• 

c 

o 

o 

o 

o 

o 

■3 

0 

03 

£ 

£ 

y 

& 

§ 

X 

* 

S 

»4 

w4 

X 

X 

X 

Q 

& 

o 

^4 

44 

< 

01 

to 

O 

A 

CN 

{>1 

X 

iA 

a 

?N 

i 

M 

44 

*4 

w 

44 

CD 

A 

CN 

CN 

t* 

o 

X 

if  a4 

C 

o 

o 

o 

o 

o 

o 

o 

o 

o 

H 

o 

J<  B 

a 

• 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

H 

o 

o 

CN 

O 

o 

o 

o 

o 

o 

o 

o 

o 

cn 

ce 

•■4 

M 

CN 

CN 

X  X 

X 

H 

Q 

X 

X 

V 

H 

X 

« 

rt  x 

p| 

X 

X 

a 

CN 

X 

H 

n 

N 

*"4 

M 

X 

CN 

V 

• 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

o 

o 

o 

O 

o 

o 

O 

o 

o 

o 

o 

x 

cn 

o 

X 

X 

in 

X 

X 

X 

X 

n 

n 

n 

n 

w* 

*4 

a 

a 

a 

• 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

*-  a 

X 

in 

M 

a4 

w4 

f- 

r- 

X 

X 

X 

X 

X 

X 

M 

CN 

V 

CN 

o 

cn 

« 

M 

?N 

N 

X 

X 

N 

N 

N 

N 

•*4 

«-4 

A 

f- 

N 

n 

n 

*4 

X 

r* 

X 

X 

4 

X 

r- 

•*4 

-4 

n 

cn 

<9 

h 

9 

v4 

4 

X 

H 

X 

H 

& 

o 

X 

a 

A 

X 

A 

X 

f* 

X 

r- 

X 

X 

CN 

s— 4 

N 

o 

o 

o 

o 

o 

O 

o 

o 

o 

o 

o 

o 

•r 

in 

a 

a 

• 

« 

a 

a 

a 

• 

a 

a 

a 

a 

a 

a 

a 

a 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

cn 

cn 

« 

cn 

cn 

X 

cn 

n 

n 

• 

m 

* 

a. 

* 

• 

a 

a 

•4 

44 

x4 

*4 

•4 

*4 

<4 

*4 

«4 

44 

<a4 

#4 

H 

w 

f-* 

*< 

1 

1 

e 

h 

| 

I 

1 

| 

a 

1 

I 

1 

i 

1 

i 

1 

i 

| 

• 

* 

•« 

a 

Q 

t- 

A 

t* 

'» 

3 

p 

P 

f» 

1— 

4 

a 

P 

a 

I 

cn 

3 

T 

44 

«4 

n 

(C 

X 

X 

X 

X 

3 

c 

g 

in 

3 

n 

t 

3 

t 

T 

X 

X 

X 

X 

44 

*4 

« 

3 

NT 

+ 

X 

A 

• 

X 

X 

X 

A 

X 

$ 

A 

A 

w 

k 

x4 

*4 

o 

O 

o 

c 

c 

o 

o 

O 

o 

5 

o 

o 

*4 

44 

m 


*  j 


Latter  s  for  a  group  of  leaf  samples ,  averaged  values  of  and  aL 


Table  11 


AVERAGE  PLANT  DRY  WEIGHTS,  AGES,  AND  PLANTING  DENSITIES 


FOR  EACH  SAMPLING 

PERIOD  AND  CROP 

PLANTING 

Number  Age 

m 

P 

3 

a  n/xy 

Station 

of  Plants  (days) 

(gm/plant) 

(%)  (plantsAq  ft) 

Bean-1 


14 

8 

29.8 

0.657 

8.3 

3.0 

14 

13 

58.8 

2.13 

19.6 

3.0 

14 

10 

85.7 

2.85 

31.1 

3.0 

06 

7 

29.9 

0,296 

12.2 

3.0 

06 

14 

57.0 

0.730 

29.3 

3.0 

Bean-2 

14 

16 

17.9 

0.135 

22.1 

3.0 

14 

6 

50.0 

l.u5 

8.9 

3.0 

06 

12 

18.0 

0.157 

15.8 

3.0 

Be an -3 

06 

10 

26.  5 

0.176 

11.9 

3.0 

06 

16 

86.2 

1.31 

24.4 

3.0 

Be  an-4 

14 

15 

91.4 

3.46 

39.0 

3.0 

14 

7 

121.4 

12.9 

21.8 

3.0 

Boan-5 

14 

26 

22.3 

0.250 

14.2 

3.0 

14 

19 

«3.3 

1.07 

10.8 

3.0 

14 

7 

91.8 

5.19 

20.8 

3.0 

06 

37 

25.9 

0.216 

17.3 

3.0 

06 

32 

58.5 

0,494 

14.4 

3.0 

Bean-6 

06 

59 

12.3 

0.0946 

14.7 

3.0 

Bean-7 

03 

18 

17.4 

0.138 

23.4 

3.0 
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a  Average  deviation 


Table  11  (continued) 


Station 

Number 

of  Plants 

m 

Age  p 

(days)  (gm/plant) 

a 

a 

(%) 

n/xy 

(plants/sq  ft) 

14 

7 

Bean  Pods 

59.0 

0.472 

14 

16 

85.6 

0.856 

0.9 

- 

14 

14 

Beet-1 

77.4 

1.53 

43.6 

1.0 

14 

7 

111.7 

3.10 

70.3 

1.0 

14 

7 

136.4 

4.64 

24.9 

1.0 

14 

8 

176.4 

6.21 

39.3 

1.0 

14 

1 

214.0 

8.75 

- 

1.0 

06 

20 

21.2 

0.234 

23.0 

1.0 

06 

15 

45.5 

0.769 

26.5 

1.0 

06 

6 

77.5 

1.17 

24.8 

1.0 

14 

2 

Beet-2 

91.0 

3.44 

21.2 

1.0 

06 

5 

92.0 

1.83 

37.3 

1.0 

14 

43 

Cabbage-1 

30.2 

0.0861 

24.6 

n.5 

14 

17 

58.9 

0.879 

15.6 

0,5 

14 

7 

86.9 

13.3 

17.8 

0.5 

14 

5 

110.4 

53.7 

26.6 

0.5 

14 

4 

140.8 

87.0 

14.2 

0.5 

06 

24 

30.5 

0.0335 

10.4 

0.5 

06  ' 

7 

57.0 

0.667 

44.8 

0,5 

06 

7 

84.4 

6.59 

35.0 

0.5 

06 

2 

108.0 

24.1 

9.1 

0.5 

06 

1 

139.0 

37.2 

- 

0.5 

14 

18 

Cabbage-2 

62.1 

2,99 

30.3 

0.5 

14 

5 

91.4 

26.3 

84.0 

0.5 

06 

80 

Cabbage-3 

29.8 

0.0446 

18.2 

0.5 

06 

6 

62.5 

0.462 

33.8 

0.5 

a  Average  deviation 
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Table  11  (continued) 


Number 

Age 

m 

P 

a 

0 

n/xy 

Station 

of  Plants 

(days) 

(gm/plant) 

(%) 

(plants/sq  ft) 

Carrot-1 


06 

38 

84.2 

0.152 

38.9 

2.0 

06 

16 

108.6 

0.503 

30.6 

2.0 

06 

4 

139.8 

0.970 

31.4 

2.0 

06 

2 

173.5 

1.94 

13.4 

2.0 

14 

5 

Carrot- 

112.0 

2 

0.635 

26.3 

2.0 

14 

18 

136.8 

0.821 

20.3 

2.0 

14 

17 

176.6 

1.77 

31.9 

2.0 

14 

3 

205.7 

8.76 

39.6 

2.0 

06 

5 

173.2 

1.54 

19.6 

2.0 

06 

14 

Carrot- 

105.8 

3 

0.265 

22.2 

2.0 

06 

32 

144.1 

0.603 

30.3 

2.0 

06 

8 

177.4 

0.725 

38.8 

2.0 

06 

O 

Carrot-4 

95.4  0.226 

27.6 

2.0 

14 

25 

Corn-1 

30.4 

0.234 

21.4 

0.67 

14 

17 

58.9 

0.357 

17.9 

0.67 

14b 

8 

86.1 

8,66 

62.0 

0.67 

14  “ 

4 

108.8 

13.3 

29.5 

0.67 

c 

14. 

2 

108.5 

21.6 

14.5 

0.67 

0 

14 

3 

140.0 

15,4 

55.2 

0.67 

c 

14 

3 

140.0 

26.1 

41.0 

0.67 

06 

12 

29.8 

0.119 

34.2 

0.67 

06 

10 

57.0 

1.26 

17.5 

0.67 

06 

6 

84.7 

9.64 

31.5 

0.67 

c 

06 

2 

110.5 

28.3 

42.0 

0.67 

a 

b 

c 


Average  deviation 
With  tassel  only 
With  tassel  and  ears 
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Table  11  (continued) 


Number 

Age 

m 

P 

a 

a 

n/xy 

Station 

of  Plants 

(davs)  (gm/plant) 

(%) 

(plants/sq  ft) 

Corn-2 

06 

5 

28.0 

0.104 

- 

0.67 

06 

8 

62.1 

0.540 

10.9 

0.67 

06. 

2 

84.0 

23.6 

24.8 

0.67 

06b 

2 

119.0 

112.8 

24.0 

0.67 

06 

7 

121.4 

64.5 

16.4 

0.67 

06b 

3 

154.3 

124.3 

10.4 

0.67 

06° 

3 

154.3 

149.0 

4.9 

0.67 

Corn-3 

14 

22 

35.4 

0.127 

29.4 

0.67 

14 

7 

58.7 

0.530 

35.3 

0.67 

14 

2 

102.3 

13.4 

1.1 

0.67 

06 

10 

34.5 

0.0984 

9.8 

0.67 

06 

14 

60.8 

1.55 

48.2 

0.67 

06 

11 

95.5 

14.5 

43.8 

0.67 

06 

2 

127.0 

53.0 

18.2 

0.67 

Corn-4 

14 

20 

26.0 

0.0702 

22.4 

0.67 

14 

8 

59.9 

5.89 

20.1 

0.67 

14 

4 

82. 5 

26.6 

35.5 

0.67 

Lettuce 

-1 

06 

33 

84.5 

0.189 

23.9 

2.0 

06 

16 

108.6 

0.297 

13.6 

2.0 

06 

3 

139.0 

0.899 

• 

2.0 

Lettuce 

-2 

14 

21 

77.8 

0.220 

27.4 

2.0 

14 

8 

111.6 

1.16 

49.6 

2.0 

14 

7 

137.3 

5.95 

54.8 

1.0 

'  14 

8 

176.2 

12.0 

36.8 

0.6 

a  Average  deviation 
b  With  tassel  only 
c  With  tassel  and  ears 
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Table  11  (continued) 


Number 

Age 

m 

P 

ca 

n/xy 

Station 

of  Plants 

(days) 

(gm/plant) 

(%) 

(plants/sq  ft) 

Lettuce-2 

(continued) 

06 

5 

79.0 

0.260 

- 

2.0 

06 

3 

111.0 

0.669 

1.4 

2.0 

Lettuce-3 

06 

5 

91.8 

1.09 

81.6 

2.0 

Onion-1 

14 

10 

108.5 

0.143 

0.7 

6.0 

14 

33 

141.7 

0.400 

29.7 

6.0 

14 

12 

175.8 

0.864 

55.3 

2.0 

14 

12 

201.2 

1.61 

26.2 

2.0 

14 

12 

239.9 

3.51 

42.2 

2.0 

14 

9 

270.8 

5.74 

59.9 

2.0 

06 

40 

56.5 

0.0149 

6.0 

12.0 

06 

65 

84.2 

0.0405 

39.4 

12.0 

06 

19 

109.0 

0.184 

9.4 

6.0 

06 

8 

140.9 

0.235 

65.0 

6.0 

06 

2 

172.0 

0.474 

- 

6.0 

Onion-2 

06 

84 

96.2 

0.0674 

7.0 

12.0 

Pea 

-1 

14 

30 

30.2 

0.201 

15.2 

1.5 

14 

15 

54.8 

1.10 

24.0 

1.5 

14b 

3 

88.0 

10.5 

- 

1.5 

14b 

15 

88.7 

0.609 

8.5 

- 

06 

20 

30.5 

0.156 

16.5 

1.5 

06 

24 

56.9 

1.39 

22.8 

1.5 

°6b 

1 

93.0 

5.25 

- 

1.5 

06b 

64 

91.0 

0.447 

10.3 

- 

a  Average  deviation 
b  Pods 
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Table  11  (continued) 


Number 

Age 

m 

P 

a 

0 

n/xy 

Station 

of  Plants 

(davs) 

(gm/plant) 

(%) 

(plants/sq  ft) 

Pea- 

2 

14 

10 

26.0 

0,234 

21.2 

1.5 

14 

13 

60.8 

5,22 

15.8 

1.5 

14b 

6 

91.5 

10.3 

31.1 

1.5 

14b 

13 

92.6 

1.14 

13.0 

- 

06 

35 

25.8 

0.260 

10.2 

1.5 

06 

26 

58,9 

4.99 

15.2 

1.5 

06 

3 

90.7 

12.5 

50.1 

1.5 

Pepper 

-1 

14 

30 

78.7 

0.0443 

26.3 

1.5 

14 

20 

111.0 

0.125 

13.0 

1.5 

14 

26 

137.2 

0.322 

28.5 

1.5 

14 

21 

176.0 

0.982 

20.4 

1.5 

14 

5 

206.4 

3.46 

67.6 

1.5 

06 

9 

137.9 

0.723 

46.2 

1.5 

06 

2 

170.0 

0.438 

- 

1.5 

06 

3 

206.1 

1.24 

17.2 

1.5 

Potato 

-1 

14 

2 

56.5 

1.00 

12.7 

0.5 

14 

5 

94.0 

2.48 

20.0 

0.5 

14 

4 

123.8 

1.77C 

46.5 

0.5 

06 

9 

56.9 

2.08 

40.6 

0.5 

06 

16 

90.6 

4.47 

30.7 

0.5 

06 

3 

125.0 

3.02° 

13.5 

0.5 

Radish 

-1 

14 

24 

54.7 

0.375 

31.1 

4.0 

14 

7 

89.6 

1.50 

26.3 

4.0 

06 

35 

57.1 

0.390 

23.3 

4.0 

06 

33 

90.8 

1.10 

35.1 

4.0 

06 

4 

122,5 

1.04* 

11.0 

4.0 

a  Average  deviation 
b  Pod  a 

c  Lower  Buddy,  torn,  and  partially  decayed  or  dead  leavea 
removed  during  washing 
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Table  11  (continued) 


Number 

Age 

m 

P 

ca 

n/xy 

Station 

of  Plants 

(days)  (gm/plant) 

(%) 

(plants/sq  ft) 

Squash- 

-1 

14 

2 

29.0 

1.15 

9.6 

0.75 

14 

b 

9 

58.9 

1.25 

25.4 

0.75 

14 

c 

3 

87.3 

5.27 

58.7 

0.25 

14b 

4 

86.2 

0.356 

39.5 

- 

14 
„  „c 

2 

111.5 

30.4 

32.6 

0.25 

14b 

3 

108.7 

0.997 

11.1 

- 

14° 

c 

11 

141.7 

67.1 

23.8 

0.25 

14 

4 

141.2 

14.8 

79.2 

- 

06 

7 

30.0 

0.200 

6.5 

0.75 

°6b 

4 

57.0 

2.73 

37.0 

0.75 

06 

b 

8 

84.6 

9.08 

17.7 

0.25 

06 

3 

108.0 

18.2 

12.4 

0.25 

06 

1 

139.0 

55.7 

- 

0.25 

Squash 

-2 

b 

14 

6 

112.2 

23.7 

32.4 

0.25 

Squash-4 

14 

1 

100.0 

22.3 

- 

0.25 

06 

2 

62.0 

0.538 

- 

0.75 

Tomato 

-1 

14 

76 

30.3 

0.0324 

17.3 

6.0 

14 

5 

58.4 

0.118 

15.4 

2.0 

14 

2 

108.5 

2.01 

6.5 

0.5 

14 

4 

142.0 

2.50 

21.8 

0.5 

06 

76 

29.7 

0.00538 

10.1 

6.0 

06 

5 

56.6 

0.130 

9.5 

2.0 

Tomato-2 

14 

4 

77.2 

0.860 

19.5 

1.0 

Tomato-3 

14 

3 

130.0 

2.56 

- 

1.0 

Tomato-4 

14 

2 

92.0 

0.820 

- 

2.0 

06 

9 

90.6 

0.0846 

25.7 

2.0 

a  Average  deviation 
b  Plant  plus  fruit 
c  Fruit 


Table  11  (continued) 


Number 


of 

Age 

m 

P 

a 

0 

n/xy 

/weight  Head 

Station 

Plants 

(days) 

(gm/plant) 

Barley' 

(%)  (plants/sq  ft) 

-1 

(Weight  Stalk 

14 

57 

32.4 

0.0936 

13.2 

78 

14 

117 

60.5 

0.572 

10.3 

55 

14b 

26 

88.7 

1.78 

9.7 

30 

14b 

35 

87.7 

0.655 

14.6 

- 

0.403 

14b 

7 

109.5 

1.65 

1.0 

30 

14b 

35 

109.9 

0, 793 

23.8 

- 

0.639 

14b 

25 

143.0 

1.89 

7.5 

30 

14b 

50 

142.9 

1.05 

6.6 

- 

0.571 

06 

65 

30.9 

0.100 

1.5 

78 

06 

97 

57.9 

0.513 

1.9 

55 

06b 

25 

85.6 

1.35 

15.2 

29 

06b 

35 

85.9 

0.637 

8.9 

- 

0.474 

°6b 

25 

108.8 

1.78 

10.0 

29 

06b 

35 

108.9 

0.908 

8.9 

- 

0.522 

06b 

5 

143.0 

1.91 

- 

29 

06b 

20 

140.5 

0.945 

Barley 

3.7 

^2 

0.500 

14 

20 

58.2 

0.443 

6.8 

15 

14 

20 

90.4 

0.781 

1.4 

15 

06 

100 

26.6 

0.0657 

8.0 

50 

06 

100 

59.4 

0.375 

21.0 

15 

06 

25 

90.2 

0.942 

Oats- 

1.2 

1 

15 

14 

43 

32.2 

0,158 

3.9 

84 

14 

151 

61.0 

0.498 

14.8 

76 

l4h 

28 

88.6 

1.31 

17.5 

30 

14b 

35 

87.7 

0.312 

20.0 

- 

0.256 

7 

109.3 

1.29 

3.7 

30 

14b 

30 

109.8 

0.582 

10.4 

- 

0.411 

Mh 

25 

143.0 

2.02 

9.4 

27 

Mb 

45 

142.7 

0.818 

16.9 

0.363 

14b 

25 

176.4 

1.49 

20.8 

27 

- 

06 

78 

30.9 

.0987 

17.4 

84 

06 

96 

57.9 

0.611 

16.6 

76 

•  Average  deviation 
b  Heads 
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Table  11  (continued) 


Number 


of 

Age 

m 

P 

a 

a 

n/xy  i 

^Weight  Head 

Station 

Plants 

(days) 

(gm/plant) 

(%) 

(plants/sq  ft)| 

l  Weight  Stalk 

Oats-1  (continued) 

°6b 

25 

85.6 

2.17 

10. 7 

31 

06 

35 

85.9 

0.520 

20.5 

- 

0.256 

°6b 

25 

108.8 

1.97 

11.1 

31 

06 

30 

109.2 

0.615 

15.7 

- 

0.295 

°6b 

5 

143.0 

2.73 

- 

22 

°6b 

15 

141.3 

1.06 

1.6 

- 

0.383 

06 

8 

173.4 

1.20 

4.3 

- 

- 

2 

14 

100 

20.8 

0.0274 

22.8 

14 

75 

59.8 

0.369 

16.8 

50 

14 

15 

88.7 

0.796 

23.8 

50 

06 

120 

59.0 

0.306 

11.2 

50 

Rye- 

1 

14 

144 

31.8 

0.0736 

4.2 

89 

14 

156 

61.1 

0.118 

9.7 

140 

06 

90 

30.9 

0.0499 

20.7 

71 

06 

110 

57.9 

0.209 

16.3 

154 

Wheat 

-1 

14 

251 

31.8 

0.0559 

5.4 

97 

14 

394 

61.8 

0.317 

7.8 

111 

14b 

31 

88.5 

0.754 

13.2 

30 

14° 

35 

87.7 

0.157 

11.0 

- 

0.210 

14b 

7 

109.3 

0.790 

9.2 

30 

14 

60 

111.6 

0.297 

21.6 

- 

0.329 

Wb 

25 

143.0 

0.787 

17.7 

37 

l4b 

55 

142.9 

0.336 

10.6 

0.424 

14 

25 

176.4 

0.666 

5.0 

- 

06 

76 

30.9 

0.0762 

10.3 

60 

06 

91 

57.9 

0.329 

18.4 

93 

°®b 

25 

85.6 

0.983 

6.7 

27 

06 

35 

85.9 

0.189 

10.9 

- 

0.196 

°6b 

25 

108.8 

1.19 

5.7 

27 

06 

35 

108.9 

0.390 

9.0 

• 

0.329 

°\ 

5 

143.0 

1.46 

«* 

34 

06b 

15 

140.5 

0.560 

3.6 

- 

0.373 

06 

10 

173.5 

0.656 

4.0 

- 

•  Average  deviation 
b  Heads 
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Tabic  11  (concluded) 


Station 

Number 

of 

Plants 

Age 

(days) 

m 

P 

(gm/plant) 

a 

a 

(%) 

n/xy  i 

(plants/sq  ft)! 

Weight  Head 
t Weight  Stalk 

14 

40 

56.2 

Wheat-2 

0.350 

10.6 

24.6 

14b 

50 

64.8 

0.941 

9.9 

24.6 

14b 

56 

64.0 

0.241 

10.6 

- 

0.292 

14b 

25 

90.3 

1.82 

7.3 

24.6 

14  b 

la 

89.7 

0.476 

10.1 

- 

0.282 

06 

110 

57.7 

0.411 

10.6 

22.9 

°6b 

10 

61.0 

0.587 

- 

22.9 

06b 

12 

61.0 

0.192 

- 

- 

0.328 

°6b 

30 

92.2 

1.61 

17.2 

22.9 

06b 

31 

89.2 

0.421 

33.4 

- 

0.304 

a  Average  deviation 
b  Heads 


FREQUENCY  DISTRIBUTION  OF  PLANT  OR  PLANT  PART  DRY  WEIGHTS 


AVERAGE  WEIGH I 3  OF  TREE  LEAVES  AND  NEEDLES 


Number 

Oi 

Leaves 

mL 

(gm/leaf) 

a 

a 

(percent) 

Avocado 

172  (new) 

0.211 

25.9 

Avocado 

S7  (old) 

0.299 

21.5 

Camphor 

•66 

0.697 

23.8 

Grapefruit 

36  (new) 

0.270 

42.0 

Grapefruit 

225  (old) 

0.377 

54.2 

Grapefruit 

1,344 

0.326 

48.3 

Laurel 

4,013 

0.0940 

10.5 

Pineb 

5,380 

0.0675 

3.2 

a  Average  deviation 
b  Needles 
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Table  13  (continued) 


S  8  A 
3  0)  -P 
S  U  <H 
■H  < 

s  ar 

s 


ci  oi 

rH  00  O  01 
rH  O  if  © 
«  •  •  • 
o  o  o  o 


00  00 
H  O 
•  • 
o  o 


00  N  O 

V  oo  » 

ft  ft  ft 

o  o  o 


01  (0  S' 
H  M« 
O  O  O 

•  ft  • 

o  o  o 


CO  CO  s'  00 


I  I 

o  o  o  o 

H  rH  aH  aH 
X  X  X  X 
n  to  t» 

a  a  a  * 

It)  (O  ID  rl 


oo 

i 

o 

CO  rH 
N  X 
O  CO 

O  00 


01  CD 
(O  (ft  H 
O  O  M 

•  ft  • 

o  o  o 


oo 

I 


in  s< 
oo  01 
O  O  I 


MOO 


<0  Jh 
d)  (0 
fa  £> 


CD 

u 

CO 
3 
cr 
c n 


cu 

<u 

u 

< 

<H 

3 

0) 

>3 


C  rH 
•H  3 

a 

3 

o 

< 


O'  01  CO 
O  00  O'  01 
rH  O  CO  O 
•  •  •  • 
O  O  O  O 


s> 

If 


rH  S<  01 

in  oo  ih 


0) 

bo 

co 

■Q 

Si 

CO 

o 


CO 


CO  oo  co  oo 
till 

o  o  o  o 

rH  rH  rH  rH 

X  X  X  X 
O'  1ft  o  00 

a  a  a  a 

in  00  rH  rH 


Cl 

00  CO 
rH  O 

ft  • 

o  o 


00 


CO  o  o 

S'  »  F 

•  ft  ft 

o  o  o 


SO  Cl 
01  H 

o  o 

•  • 

o  o 


oo  go 

CO  F  OO 
O  O  01 
a  •  t 

o  o  o 


oi  co  co 

rH  N  Or 

O  O  O 

ft  ft  ft 

o  o  o 


I  I 


o  o  o  o 

rH  o 

WWW 

co  m 

•  •  ft  ft 

ft  ft 

•  •  ■ 

O  O  O  O  *•> 

o  o 

0 

0 

0 

0 

c 

u 

c 

0 

u 

u 

•H 

« 

0 

u 

o 

o 

ft 

ft 

ft 

S' 

in 

CO 

in  Cl  Cl  CO  CO 

rH  CO  CO  CO  rH 

o  o  o  o  o 

•  a  a  i  • 

o  o  o  o  o 


CO 

I 


co  co 

Cl  Cl 

o  o 


MOO 


I  I 


u 

JS 

e 

l 


C ft 
•M 
*H 

«H  CO 

0  fa 


01  01  00  S' 
CO  rH 


00  01 


H  01  01 


01  o  O  rH  rH 


CO 

<u  N 
bn  a 
<  -a 


CO  CO  Cl  00 
00  00  01  lift 


F  S' 
O  F 
01  rH 


$  8  s 


3  R  B  *8  & 

Cl  01  01  Cl  01 


0)  h 

§  § 
-  s 


cn 


i  i 


ei  co  s'  m 

CO  CO  CO  CO 
co  co  oo  in 


S'  S'  S' 


I  I 
H  N 

SCO 

CO 

S'  co 

H  O 


I  I  I 

in  oi  s' 

Sin  oi 
m  co 
s'  to  to 
rH  o  o 


+  i 

W  w 

H  H  H  Cl  N 

;  8  8  8  8 

$  a  oo  •  so 

s;  S'  S'  S'  S' 


147 


Table  13  (continued) 
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Table  13  (continued) 
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Table  13  (continued) 
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DATA  ANALYSIS 


Foliar  Contamination  Functions 


As  indicated  in  the  Background  section,  the  major  parameters  on 
which  the  initial  contamination  of  plants  depend  are  the  wind  speed, 
the  particle  fall  trajectory  angle  the  general  geometric  form  of  the 
plants,  and  the  surface  density  of  the  foliage  (represented  by  a  combi¬ 
nation  of  planting  density  and  size  or  weight  of  the  plants).  The 
surface  characteristics  of  the  foliage,  in  general,  appear  to  be  a  minor 
factor;  however,  since  a  surface  characteristic  of  the  foliage  with 
regard  to  the  retention  of  particles  is  not  readily  defined  in  a  quanti¬ 
tative  manner  and  since  the  shapes,  forms,  and  densities,  as  well  as  the 
surface  characteristics,  of  the  leaves  and  other  parts  change  from  one 
species  to  another,  no  direct  comparison  of  data  for  establishing  the 
relative  importance  of  leaf  surface  characteristics  is  possible. 

Another  secondary  parameter  on  which  the  initial  contamination  appears 
to  depend  is  the  relative  humidity.  The  data  in  Part  One  indicate  that, 
under  damp  conditions  (i.e.,  where  a  shower  of  particles  occurs  when  the 
relative  humidity  is  90  percent  or  greater),  the  foliage  of  all  plants 
retained  about  twice  the  weight  of  particles  retained  under  damp  condi¬ 
tions.  However,  it  was  also  stated  that  the  deposits  occurring  under 
damp  conditions  usually  took  place  during  the  night  when  the  wind  speeds 
were  low  and  the  deposits  occurring  under  dry  conditions  took  place 
during  the  daytime  when  the  wind  speeds  were  higher.  Thus,  while  the 
data  indicate  the  factor  of  two  in  retention  for  damp  conditions  over 
dry  conditions,  the  role  of  the  wind  speed  in  this  difference  is 
implicated . 

The  original  intent  of  the  measurements  of  the  surface  wind  speeds 
and  the  measurements  of  the  particle  sizes  by  sieving  was  to  provide 
data  for  estimating  the  particle  trajectory  angles.  However,  because  of 
the  high  degree  of  agglomeration  of  the  particles,  as  revealed  by  the 
plate  collector  data,*  the  sieving  data  were  not  suitable  for  this  pur¬ 
pose.  Instead,  a  few  measurements  of  the  trajectory  angles  with  the 


*  See  Carl  F.  Miller,  The  Impaction  of  Airborne  Particles  on  Plate 
Collectors ,  Stanford  Research  Institute,  Project  No.  MU-6358, 
April  1967. 
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plate  collector  coincident  with  collections  of  foliar  samples  provided 
some  data  for  use  as  the  initial  starting  point  in  estimating  the  values 
of  the  equation  parameters  as  well  as  the  trajectory  angles  when  applied 
to  the  foliar  retention  equations  presented  in  the  Background  section. 
Repetitive  analyses  for  both  the  equation  parameters  and  trajectory 
angles  were  carried  out  for  the  primary  samples  from  all  plants.  This 
procedure  was  an  extremely  severe  test  of  the  general  consistency  of  the 
data  since  it  was  required  that  a  suitable  functional  form  be  found  for 
representing  the  observed  data  and  that  the  equation  constants  be 
evaluated  numerically.  In  addition,  the  value  of  a  major  Independent 
variable  had  to  be  deduced. 

The  eight  sets  of  plate  collector  measurements  coincident  with 
collections  of  foliar  samples,  the  derived  trajectory  angle,  cp,  and  the 
primary  foliar  sample  numbers  whose  particle  deposit  corresponded 
approximately  (or  exactly)  with  that  for  the  plate  collector  are  listed 
in  Table  14. 

In  the  initial  step  of  the  analysis,  all  the  values  were 
reduced  to  unit  planting  and  foliar  surface  density  using  the  various 
assumed  applicable  equations  according  to  the  manner  in  which  the  frac¬ 
tions  retained  depended  on  these  two  variables  and  by  defining  the 
reduced  F^  value  by 


F(cp> 


F 


.  .  ,1/3  2/3 

(n  /xy)  w 
P  L 


(84) 


for  those  cases  where  Ft  was  indicated  to  be  proportional  to 
1/3  2/3  11 

(np/xy)  wl  •  In  other  cases,  such  as  for  single  horizontal  leaves, 

F(cp)  is  simply  equal  to  a^.  The  third  repetitive  estimates  of  cp  and  a, 

along  with  individual  values  of  w^  and  F(cp),  for  all  the  primary  samples 
of  the  vegetables,  grasses,  and  cereal  grains  are  given  in  Table  15. 

The  derived  particle  trajectories  for  all  sets  of  the  primary  foliar 
samples  are  summarized  in  Table  16.  These  values  were  back-calculated 
from  the  foliar  contamination  functions  for  each  type  of  plant.  A 
comparison  between  the  average  values  of  a  (i.e.,  cot  cp)  taken  from 
Table  16  and  those  computed  from  the  dgQ  values  from  the  sieve  analysis 
of  each  tray  sample,  using  the  corrected  wind  speeds  and  the  respective 
fall  velocities  of  spherical  particles  of  like  density,  is  shown  by  the 

plot  in  Figure  6.  Only  in  a  few  cases  do  the  values  of  vw/vf(50)  fall 

near  or  below  the  ideal  correlation  line,  as  would  be  expected  for 
discrete  unagglomerated  particles.  On  the  average,  the  values  of  vj(50) 
are  about  a  facto''  of  two  smaller  than  required  for  ideal  correlation; 
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this  amount  is  more  than  could  be  accounted  for  by  an  error  in  the 
densities  used  in  the  computation  of  the  falling  velocities. 

One  rather  important  variable  was  not  measured  in  the  field 
experiments:  the  surface  wind  direction.  While  the  personal  observa¬ 
tions  at  the  two  land  plots  in  the  second  phase  of  the  field  work  would 
indicate  that  the  usual  direction  was  40  to  90  degrees  from  the  line  of 
the  rows  (i.e.,  from  the  north  to  northeast),  the  movements  of  the  plate 
collector  arms  showed  that  short  period  fluctuations  of  90  degrees  on 
either  side  of  the  usual  range  in  direction  occurred  in  the  daytime  when 
the  speeds  were  highest.  At  night,  when  most  of  the  deposits  took  place, 
other  directions  than  the  usual  north  to  northeasterly  direction  would 
be  more  likely  than  in  the  daytime.  For  the  grain  plots,  the  direction  ' 
of  the  wind  would  have  no  effect  on  the  particle  retention.  For  other 
plants,  the  effect  woul.  be  more  important  for  plants  that  are  more 
closely  spaced  in  the  rows  than  the  spacing  between  rows  (e.g.,  onion 
and  radish).  Therefore,  when  lower  than  usual  values  of  F(cp)  occurred, 
it  was  not  possible  to  determine  whether  the  low  value  was  due  to  the 
in- row.  spacing  (Equations  15  through  17)  or  to  statistical  or  measure¬ 
ment  error.  On  the  basis  of  personal  observation  of  the  direction  of 
the  wind  during  the  daytime  and  of  the  side  of  the  fence  posts  and  other 
objects  at  Plot  No.  1  and  the  camphor  tree  at  Plot  No.  2  having  the 
highest  level  contamination,  the  average  angle  between  the  rows  and 
direction  of  the  wind  was  65  ±  25  degrees  (sin  6  =  0.91;  cos  6  =  0.42). 

Because  of  change  in  both  equation  form  for  representing  the 
foliar  contamination  data  and  their  range  of  application,  the  equations 
containing  the  derived  average  value  of  the  constants  for  each  plant 
type  are  given  below  as  part  of  the  text.  In  all  equations,  np  is  the 
number  of  plants,  stalks,  or  heads  in  the  area,  xy;  xy  is  in  sq  ft; 
wL  is  the  gm  of  dry  plant  per  sq  ft;  «p  and  0  are  in  degrees;  and  vw  is 
in  mi  per  hr. 

1.  Bean 

F  =  0.137w  e  °-126Vw,  bush  and  pole,  dry,  w  £  0.5  (85) 


*  All  w^  limits  are  approximate  (where  not  given,  equation  is  assumed 
to  apply  to  all  values  of  w^). 
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_ 0  396v 

F  =  0.208w  e  ’  w,  bush  and  pole,  damp,  w  £  0.5  (86) 

L  L  L 


1/3 

/np\  2/3  (1  +  sin 

=  0. 01601— I  w  - - 

\xy/  L  sin  cp 


5)  -0.111vw 


,  bush,  dry,  w  S  0.5  (87) 

L 


F  =  0.03161 
L 


1/3 

/j>\  2/3  (1  +  sin  (?)  -0.111vw 

\xy /  L  sin  cp 


bush,  damp,  w  ^  0.5  (88) 
L 


-0.051v„,  _  , _ . 

F  =  0.0308Qre  w,  pole,  dry  and  damp,  w  ^  0.5  (89) 

L  L 


Bean  Pods 


/n  n  \1/3 

?-  =  0.0035lM-£j  w  VS^-O.BSBv.  dr  and  damp 
f  .  \  xy  /  f 


symbols  Fj  for  the  fraction  retained  and  wf  for  the  surface 
dens  re  used  for  several  of  the  fruits  and  pods.  The  contamination 
model  for  the  bean  pods  assumes  that  the  pods  are  in  the  shape  of  a  long 
thin  cylinder  and  that  the  axis  of  the  cylinder  is  vertical  to  the  ground 
surface.  In  addition,  it  is  assumed  that  the  major  portion  of  the  pods 
is  exposed  to  direct  impaction  of  the  falling  particles.  Partial 
shielding  by  the  leaves  at  all  angles  of  impaction  would  be  accounted 
for  by  the  equation  coefficient,  T|,  and  its  dependence  on  wind  speed. 

The  term  n*  is  the  average  number  of  fruits  or  pods  per  plant;  after 
about  50  days,  the  value  of  for  both  the  bush  and  pole  beans  averaged 

7.5  pods  per  plant.  It  should  be  noted  that,  in  equations  such  as 
87,  88,  and  90,  the  quantities  (np/xy)1/3wL2/3  and  (nfnp/xy)1/3wf2/3  can 
be  replaced  by  (np/xy)mp2//3  and  {nfnp/xy)mf2>/3,  respectively,  where  nip 
is  the  dry  weight  per  plant  and  m^  is  the  dry  weight  per  fruit  or  pod. 

3.  Beet 


0.039 


<0 


(1  +  sin 
v  1 

L  sin  cp 


-0. 218vw 


dry  and  damp 
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4.  Cabbage 


-0. 200vw 

F  =  0.0517W  e  w,  a  <  0.7,  dry,  w  *  1.0 

L  L  L 


-0. 200vw 

F  =  0.0738w  ae  ,  a  2  0.7,  dry,  w  *  l.o 

L  L  L 


-0. 200vw 

F  =  O.lOlw  e  ,  Of  <  0.7,  dry,  w  £  1.0 

L  L  L 


-0.200v„, 

F  =  0.144w  ate  w,  a  2  0.7,  dry,  w  s  1,0 

L  L  L 


F  =  0.01331 
L 


1/3 


2/3  (1  +  sin  cp) 


sin  <p 


,  dry,  w  a  1.0 
L 


1/3 

_ IW  2/3  (1  +  sin  9) 

=  0.04621— 1  w  •*-.  damp,  w  i  1.0 

\xy/  L  sin  (p  L 


The  change  in  equation  form  ai  a  of  0.7  indicates  an  apparent 
change  in  configuration  for  retention  at  an  angle  of  about  55  degrees 
for  the  smaller  leafy  plants;  at  the  steeper  angles  of  fall,  or  smaller 
values  of  a,  the  projected  area  of  all  the  leaves  must  be  almost 
constant.  No  effect  of  wind  speed  on  1]  is  indicated  for  the  headed 
cabbage  (Equations  96  and  97)  apparently  because  of  the  general  rigidity 
of  the  thick  leaves  and  head.  The  average  deviation  in  the  constant  is 
24  percent.  Under  dry  conditions,  about  10  percent  of  the  total 
retained  was  on  the  surface  of  the  cabbage  head;  under  damp  conditions, 
about  25  percent  of  the  total  retained  was  on  the  surface  of  the  cabbage 
head. 


1/3 

r.o.oaop) 

L  \xy/  L  a 


+  sin  9)  -0.368v. 

sin  <p  * 
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1/3 

IW  2/3  (1  +  sin  cp)  -0. 

?L  *  0-0525W  "l  .in  /  6 


299vw 


,  damp 


6.  Corn 


F  =  0.0885(3.410  -  a)e 
L 


-0.203V*  a  <  2.492,  dry,  w  i  1.0  (100) 


F  =  0.170(a  -  2.013)e 
L 


-0.203V*  a  2  2.492,  dry,  w  *  1.0  (101) 


F  =  0.0392(6 
II 


,899  -  Of).  °  203vw,  <  2.355,  damp,  w  5  1,0  (102) 


p  „  0.166(0  -  1.282).'°'2“V*,  »  =  2.355,  d..p,  *L  6  1.0  (103) 

L 


F  =  0.246(2.823  -  a)e~0,237V\  a  <  2.492,  dry,  *l  >  1.0  (104) 

L 


F  «  0.170(0  -  2.013)e“0a37V",  a  2  2.492,  dry.  ^  >  10  (105) 

F  *  0.173(1.624  -  a)e  a  <  1.442,  daap,  >  1.0  (106) 

L 


r  -  0.197(0  -  1.282)«"0  U9Vw.  or  i  1.442.  danp.  *  >  1.0  (107) 

L 


F  .  0.0174(a  ♦  0.5158),  dry,  w  i  10 
L  L 


(108) 


fL  *  0.0372(or  ♦  0.5158),  danp,  *L  *  10 


(109) 


*  Corn  plant*  with  taaaala  and  aara;  data  war*  not  auificiant  in 
quantity  to  datarnln*  whathar  11  dapand*  on  th*  wind  apaad. 
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The  form  of  the  foliar  contamination  scaling  equations  for  the  corn 
was  derived  separately  and  only  indirectly  corresponds  to  the  geometric 
forms  discussed  in  the  Background  section.  The  basic  model  consists  of 
a  combination  of  cylindrical  stems  and  an  assumed  spatial  density  of 
random  leaves.  For  the  smaller  corn  plants,  the  cone  of  leaves  at  the 
top  of  the  plant  was  taken  as  being  equivalent  to  a  horizontal  collector 
with  a  diameter  proportional  to  the  stem  diameter.  When  all  linear 
dimensions  were  assumed  to  scale  as  the  cube  root  of  the  plant  weight 
and  the  T]  values  for  all  plant  parts  were  assumed  to  be  equal,  the 
following  general  equation  for  FL  was  obtained: 


1/3  2/3 
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(114) 


and 


Wl  4  W4 

*1H2H3H4 


(113) 


in  which  a  is  the  radius  of  the  stem,  s  is  the  average  stem  length,  c 
ia  the  average  leaf  length,  d  la  the  average  leaf  width,  b  la  the  average 
leaf  thlcknesa,  pa  ia  the  average  leaf  density,  p*  la  the  average  leaf 
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spatial  density,  and  6  is  a  characteristic  angle  of  the  leaves  with 
respect  to  retention  of  the  particles.  If  such  an  angle  exists,  a 
minimum  in  F^  will  occur  when  9  is  equal  to  6;  in  the  equation,  the 
leaves  are  not  assumed  to  be  horizontal,  and  the  angle  0  could  apply  to 
the  direction  across  the  leaves  as  well  as  to  the  direction  along  the 
length  of  the  leaves.  In  a  more  gross  sense,  it  is  the  incident  angle 
at  which  the  leaves  would  pass  the  maximum  amount  of  sunlight  to  the 
ground.  The  constant  A  includes  the  quantity,  rt,  representing  the 
relative  amount  of  particles  collected  in  the  cone  of  leaves  at  the  top 
of  the  stem.  The  relative  amount  collected  on  the  stems  is  represented 
by  the  term  2/Hj  in  constant  B.  For  the  larger  plants  with  tassels  and 
ears,  the  quantity  n  in  the  constant  B  is  eliminated,  and,  where  the 
relative  amount  of  particles  collected  by  the  stem  is  small  compared 
with  that  collected  by  the  leaves,  as  is  the  case  for  damp  deposit 
conditions  (see  below),  the  characteristic  angle  0  can  be  evaluated  from 
the  constants  A  and  B.  On  this  basis,  the  value  of  0  is  about  22  degrees 
for  the  corn  before  tasseling  for  deposits  under  dry  conditions  and 
varies  from  23  to  35  degrees  under  damp  conditions.  For  the  taller  corn 
with  tassels  a^d  more  dense  foliage,  the  characteristic  angle  is  about 
117  degrees  for  the  few  sets  of  such  samples. 

The  didtsibution  of  the  weight  of  retained  particles  among  the 
leaves,  stem  or  stalk,  ear,  and  tassel  was  measured  on  only  a  few 
samples.  Frosi  these  few  data,  it  appears  that  this  distribution  depends 
strongly  on  the  deposit  conditions.  Under  dry  conditions  where  the  wind 
speed  is  usually  the  highest,  the  fraction  of  the  total  retained  that  is 
found  on  the  leaves  appears  to  depend  more  on  the  wind  speed  than  on  the 
particle  trajectory  angle.  Under  damp  conditions  where  the  wind  speed 
is  lowest,  the  relative  amount  of  particles  retained  by  the  leaves 
appears  to  depend  only  on  the  particle  trajectory  angle.  For  any  wind 
speed  or  trajectory  angle,  the  relative  amount  retained  by  the  leaves 
under  damp  conditions  is  higher  than  under  dry  conditions.  The  relative 
amount  retained  by  the  tassel  appears  to  depend  only  on  trajectory  angle, 
perhaps  because  of  its  tacky  surface  characteristics.  Estimates  of  the 
relative  amounts  retained  by  the  corn  leaves  and  tassel  can  be  made  from 
the  following  scaling  functions: 


•0  246 v 

F  (leaves)  ■  0.43SF  e  *,  dry  (116) 

L  L 

F  (leaves)  >  (1.00  -  0.0791o)F  .  damp 
If  la 
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(117) 


and 


F  (tassel)  =  0.03643F  ,  dry  and  damp  (118) 

L  L 

where  F^  is  given  by  Equations  104  through  109.  For  usual  conditions  of 
wind  speed  and  trajectory  angles,  less  than  20  percent  of  the  particles 
retained  by  the  plants  is  on  the  leaves  under  dry  conditions  and  more 
than  80  percent  is  on  the  leaves  under  damp  conditions. 


7.  Barley  Grass 


F  =  0. 0260 w  (or  +  l)e 
L  L 


-0.118v, 


dry  and  damp 


(119) 


8.  Oat  Grass 


F  =  0.0177wf(o  + 
Li  Is 


l)e 


-0. 118vw 


dry  and  damp 


(120) 


9.  Wye  Grass 


F 


L 


0.0160w  (or  +  1),  dry  and  damp 

la 


(121) 


10.  Wheat  Gras* 


F  «  0.0259*  (cr  4 

la  la 


l)e 


-0.118V, 


dry  and  damp 


(122) 


For  coarse  grasses,  the  average  vslue  of  the  scaling  equation 
constant,  0.0234,  could  be  used.  Some  degree  of  the  effect  of  leaf 
surface  roughness  may  be  included  in  these  data  since  the  oats  has  a 
slightly  smoother  surface  than  either  the  barley  or  wheat  and,  on  the 
average,  retains  a  smaller  amount  of  particles  for  given  values  of  v^, 
a,  and  vw. 
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11.  Lettuce 


(123) 


(124) 


12.  Onion 


F  -  0.019 

L 


1/5 


4/5  -0.324v„ 

ere 


dry  and  damp 


(125) 


13.  Pea 


1/3 

»i?  \ 

F,  =  0.0442(— ®  l  «,2/3(a  ♦  0.5800)e~°‘225W*!  (126) 

L  \xy/  L 

1/3 

fno\  2/3  -0.226V., 

F.  -  0.02631  -*)  w  (o  ♦  0.5600)©  *  (127) 

L  \xy/  L 

The  pea  la  the  only  plant  type  having  consistently  lower  values  of 
F^  under  daaip  conditions  than  under  dry  conditions  at  a  given  value  of 
w^,  »,  and  P..  Evidently  the  surface  characteristics  of  the  leaf  are 
the  cause,  at  least  indirectly.  With  heavy  dew  fonsatlon,  the  hydro- 
phobic  (non»et table)  leaves  cause  the  dew  to  for*  water  drops  that, 
together  with  the  trapped  particles,  roll  off  the  leave*  as  soon  a*  the 
drops  hecoae  sufficiently  lsrge;  a  slight  breese  assists  in  this  decon¬ 
tamination  process. 

14,  Pea  Pods 


F 


f 


2/3  -0.239V. 

am  * 


f 


.  dry 


(126) 


Ff  =  0.00199 


2/3  -0. 259vw 

wf  ere  ,  damp 


(129) 


The  contamination  model  for  the  pea  pods  is  almost  identical  to 
that  described  for  the  bean  pods.  The  only  difference  is  that  the  pods 
were  assumed  to  have  a  thin  elliptically  shaped  cross  section  rather 
than  a  spherical  cross  section.  Tie  average  number  of  pods  per  plant 
for  the  samples  taken  in  the  field  was  7.5.  For  a  single  pair  of 
samples,  the  coefficient  of  the  scaling  equation  for  protected  pods  was 
0.53  of  that  for  exposed  pods.  Other  sets  of  samples  were  for  pods 
taken  at  random  locations  on  the  vines.  Thus,  the  equations  refer  to 
an  average  exposure  geometry  where  most  pods  are  exposed  to  direct  Impact 
of  the  airborne  particles. 


F  =  0.150w  e  °*346*w,  dry,  w  £  0.7 

Is  Is  Is 


(130) 


-0. 085v,., 

F  =  0.203 we  ,  damp,  w  £  0.7 

Is  L  L 


(131) 


F  *  0. 02661 w  ' 
L  \xy/  L 


2/3  e 


**  0  •  346v  ^ 

TuT"1  dry’  *l  >  °'7 


(132) 


i/a 

F  3  0.0266(~fc)  w  2/3  * 
L  \xy/  L 


-0.085vw 

1  ■■',  damp,  w  >  0.7 

sin  9  L 


(133) 


16.  Potato 


1/3 

F  .  O.up)  .  M  0  ♦  *■“  «  dry 

L  \xy/  L  ain  9 


034) 


1/4 

•,M&) 


sin  9 


.-°*275V-.  d«p 


(135) 
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17.  Radish 


f  =  0.119 

Li 


1/3 

0  ’ 


2/3  (1  +  sin  cp)  -0.321vw 

w  - e  , 

L  sin  cp 


dry  and  damp  (136) 


18.  Squash  (Zucchini) 


n  1/3 

F  =  o.OTiopO  »  2/3  (U-JlSJL)  -0.1M*,  „  and  (13 

L  \xy  /  L  sin  cp  r 

Most  of  the  foliar  samples  of  squash  consisted  of  only  one,  two, 
or  three  of  the  most  exposed  near-horizontal  leaves.  For  these  leaf 
samples,  treated  as  a  single  leaf  in  model  form,  the  values  of  FL  are 
somewhat  inaccurate  because  the  number  of  such  leaves  per  unit  area  is 
not  well  known.  However,  the  correlation  of  the  contamination  factors 
by  means  of  Equations  13  and  14  is  valid  and,  for  the  observed  data, 
leads  to 


a  s  0.210 
L 


sin(8  -  cp)  -0.165vw 
sin  cp  6 


dry 


(138) 


and 


a  =  0.210 
L 


sin(8  -  cp)  -0.132vw 
sin  cp  ^ 


damp 


(139) 


where  3  is  the  average  angle  of  the  plane  of  the  leaf  from  the  hori¬ 
zontal  in  the  direction  of  the  wind.  The  computed  values  of  0  for  the 
various  leaf  samples  are  listed  in  Table  17. 


19.  Squash  (Zucchini)  Fruit 

l°t\\  2/3  U  ’  V1"  W 

F.  =  0.01221 - *-lw  - ,  dry  and  damp  (140) 

f  V  xy  /  f  sin  cp 


The  value  F^  in  Equation  140  is  that  given  by  Equation  137.  In 
writing  the  form  of  Equation  140,  it  was  assumed  that  the  fruits  were  in 


the  form  of  cylinders  lying  on  the  ground,  or  near  to  it,  under  the  leaf 
canopy  and  that  the  fruit  would  be  contaminated  only  by  the  particles 
drifting  past  the  leaves  and  into  the  canopy  where  they  could  fall  on 
the  fruit  at  much  larger  angles  than  cp.  Thus,  the  term  (1  -  F^sin  cp)  in 
Equation  140  is  proportional  to  the  particle  flux  under  the  leaf  canopy. 
The  average  value  of  n^  is  approximated  by  0.09(t  -  55)  fruit  per  plant, 
where  t  is  the  number  of  days  after  planting;  the  relation  applies  to  t 
values  between  about  80  and  150. 

20.  Squash  (Zucchini)  Flowers 


F 

L 


0.0267 


(141) 


The  flowers  were  usually  upright  and  exposed.  They  remained  open 
for  about  one  day.  During  the  period  of  55  to  150  days  after  planting, 
the  number  of  flowers  per  plant  on  the  sampled  plants  was  about  2.5  (two 
to  three);  their  average  dry  weight  was  0.23  gm.  The  relatively  large 
amount  of  particles  collected  by  the  open  flowers  apparently  reduced  the 
number  of  fruits  and  prolonged  the  blooming  period. 


21.  Tomato 


F 

L 


F 


L 


-0. 161vw 
e 

sin  cp  ’ 


-0.161vw 
e  w 

sin  cp 


dry,  w^  <  0.5 


damp, 


w  <  0.5 
L 


(142) 


(143) 


F  =  0.0652 
L 


1/3 

6  ■ 


2/3  (1  +  sin  cp)  -0. 161vw 
L  sin  cp 


dry  and  damp, 


w  2  0.5  (144) 
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22.  Barley  (Stalks) 


F  =  0.0181 

L 


1/3 

fe)  ■ 


2/3 . 

w  (1.729 
L 


-a),  a  <  1.344,  dry  and  damp  (145) 
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1/3 


FL  0.00519f)  a,  a  2  1.344,  dry  and  damp  (146) 


23.  Barley  (Heads) 


F  =  0.00683 

lj 


1/3 

fe)  w 


2/3  -0. 191v,„ 

ae  ,  dry  and  damp 


(147) 


24.  Oats  (Stalks) 


1/3 


FL  0‘01  \xy)  \  ^2‘053  -  <*),  Of  <  1.544,  dry  and  damp  (148) 


1/3 


=  0.00503M1  w  2/3 a,  a  2  1.544, 


L  \xy/  L 


dry  and  damp  (149) 


25.  Oats  (Heads) 


1/3 


F  =  0 . 0053 1(  )  w  2/3a  "°-210vw 


L  \xy/  "l  “e  "»  dry  and  damP 


(150) 


26.  Wheat  (Stalks) 


1/3 


FL  ~  °'°188(xy)  WL  (ll669  "  <*)•  «  <  1.334,  dry  and  damp  (151) 


1/3 


Fl  =  0.00472^-£j  wl2/3»-  «  2  1.334,  dry  and  damp 


(152) 
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27,  Wheat  (Heads) 


1/3 

(np\  2/3  -0. 233vL 

—  I  w  ae  w,  dry  and  damp  (153) 

xy  /  L 

Most  of  the  foliar  contamination  data  for  the  barley,  oats,  and 
wheat  was  obtained  from  foliage  contaminated  under  damp  conditions. 
However,  the  few  samples  from  contamination  under  dry  conditions  are 
consistent  with  the  other  data,  and,  therefore,  a  single  scaling  function 
for  both  dry  and  damp  is  given  for  each  type  of  grain  and  grain  head.  No 
significant  dependence  of  71  on  wind  speed  is  shown  by  the  data  for  the 
grain  stalks  (i.e.,  stems,  leaves,  and  heads).  One  possible  reason  is 
that  the  range  in  wind  speeds  for  the  sets  of  samples  was  not  very  large 
(highest  wind  speed  was  5.6  mi  per  hr).  Another  is  that  the  lower  leaves 
tended  to  retain  particles  that  were  not  retained  by  the  heads  and  upper 
leaves  at  the  higher  wind  speeds.  The  foliar  contamination  data  for  the 
rye  were  not  processed  because,  as  previously  mentioned,  the  rye  did  not 
produce  seed;  but,  because  of  the  similarity  in  the  particle  retention 
by  barley,  oats,  and  wheat,  it  is  expected  that  rye  and  other  grains 
would  also  exhibit  similar  retention  behavior. 

The  scaling  functions  for  the  grain  stalks  were  derived  on  the 
same  basis  as  those  for  the  tasseled  corn.  The  characteristic  leaf 
angles  are  about  37  degrees  for  barley,  33  degrees  for  oats,  and 
31  degrees  for  wheat.  The  model  for  the  heads  giving  the  best  fit  to 
the  data  is  the  one  developed  for  a  cylindrically  shaped  object, 

Ihe  variation  of  the  contamination  scaling  function  parameters 
with  Qf  or  vw  for  several  of  the  different  plant  types  is  plotted  in 
Figures  7  through  13.  The  plots  show  the  general  spread  of  trite  data 
points  about  the  scaling  function  equations,  as  indicated  by  the  lines 
drawn  in  the  figures.  The  values  of  <p  used  to  compute  the  angular 
functions  are  not  those  of  Table  16  but  the  last  previous  iterative 
estimates  of  cp  for  the  different  sets  of  samples. 


Foliar  Contamination  Weathering  Functions 


Reduction  and  analysis  of  the  data  on  the  effect  of  wind  in 
removing  particles  from  foliage  after  the  initial  deposit  consisted 
mainly  of  the  computation  and  summary  of  the  1^  values  (defined  by 
Equation  79)  given  in  Table  9.  To  derive  a  method  for  representing  the 
effect  of  rain  on  the  removal  of  particles  from  foliage,  the  Ywr  values 
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of  Table  9  were  analyzed  for  reduction  to  pure  Yr  values  as  represen¬ 
tative  of  reduction  in  particle  concentrations  on  the  foliage  by  rain 
without  significant  additional  wind  effects.  Initially,  for  the  cases 
where  T  was  relatively  small  (fresh  deposit  and  little  wind  weathering) 
and  the  rainfall  was  0.1  inch  or  greater,  the  Ywr  values  were  taken  as 
Yr  values  on  the  assumption  that  the  rain  would  have  removed  all  the 
particles  previously  removed  by  the  wind.  In  some  cases,  the  last 
previous  measured  value  of  Yw  was  taken  as  the  reference  level  of 
contamination;  finally,  where  T  was  known  up  to  the  time  of  rainfall, 

Yw  was  estimated  to  that  time  to  determine  the  degree  of  wind  weathering. 
The  acceptance  or  rejection  of  these  reference  values  for  calculating 
Yr  depended  on  their  general  agreement  with  the  Yr  values  obtained  under 
the  above  given  basic  assumption  about  the  effect  of  rain.  The  reduced 
values  of  Yr  for  the  rain-weathered  foliar  samples  thus  obtained  are 
given  in  Table  18. 

Inspection  of  the  data  In  Table  18  shows  that  Yr  decreases  with 
inches  of  rainfall  (one  or  more  consecutive  showers  without  a  drying 
period  between  showers)  more  rapidly  than  1/R,  where  R  represents  the 
amount  of  rainfall.  The  data  were  therefore  correlated  to  fit  a  function 
of  the  form 


Y 

r 


krR 


R 


(154) 


in  which  Y°  and  kr  are  constants  that  depend  mainly  on  plant  type  or 
form  and  only  to  a  minor  degree  on  plant  size.  To  evaluate  the  constants 
of  Equation  154  for  many  of  the  vegetable  plants,  the  weathering  data 
from  pot-grown  plants  had  to  be  utilized  because  of  the  splashing  up  of 
soil  particles  onto  the  leaves  of  the  field-grown  plants  (see  notes  in 
Table  18).  i 


The  degree  of  fit  of  Equation  154  to  the  rain  weathering  of 
particles  from  grasses  and  tree  leaves  and  from  cereal  grains  is  shown 
by  the  plotted  data  in  Figures  14  and  15,  respectively.  The  spread  in 
the  data  is  consistent  with  that  of  the  other  field  measurements.  The 
computed  values  of  Y°  for  the  various  derived  and  selected  values  of  kr 
are  given  in  Tabl'e  19.  One  set  of  data  in  the  table  indicates  that  the 
Y°  values  for  the  samples  where  a  small  deposit  occurred  at  the  start  of 
rainfall  are  considerably  lower  than  for  the  other  samples.  The  average 
value  of  the  ratio  between  the  two,  Yf(deposit  with  rain)/Y£(rain  after 
deposit),  is  0.27.  The  value  of  kr  appears  to  depend  on  both  plant  size 
and  leaf  surface  characteristics  (smoothness,  presence  of  fibers  or 
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hair,  and  wettability).  The  values  of  kr  are  higher  for  the  headed 
grains  than  for  the  grains  in  grass  form;  the  value  of  kr  is  higher  for 
cabbage  (smooth  nonwettable  leaves)  than  for  geranium  and  poppy  (hairs 
or  fibers  on  the  leaf  surface). 

The  average  values  of  all  the  weathering  equation  parameters  and 
their  respective  relative  average  deviations  are  summarized  in  Table  20 
for  all  the  plants  on  which  measurements  were  made.  In  preliminary  and 
partial  treatments  of  the  weathering  data,  it  appeared  that  the  particle 
removal  was  more  rapid  and  thorough  when  the  initial  deposit  occurred 
under  dry  conditions  than  when  it  occurred  under  damp  conditions. 

However,  when  all  the  data  were  assembled,  this  apparent  influence  of 
initial  conditions  on  the  values  of  the  various  equation  coefficients 
disappeared  in  the  general  spread  of  their  derived  values.  Thus,  while 
the  data  indicate  that  initial  conditions  do  not  cause  differences  as 
large  as  or  larger  than  an  order  of  magnitude  in  the  scaling  equation 
parameters,  some  degree  of  influence  is  not  ruled  out  since  the  data  and 
the  average  values  of  the  parameters  are  biased  by  the  preponderance  of 
data  obtained  from  samples  that  were  initially  contaminated  under  damp 
conditions. 

It  may  be  noted  from  the  data  in  Table  9  that  consistently  high 
or  low  values  of  kw,  for  example,  are  obtained  in  different  weathering 
sequences.  It  is  established,  however,  that  the  wind  weathering  of  old 
deposits  is  much  slower  than  that  of  fresh  deposits  (either  dry  or  damp). 
The  old  deposits  to  which  the  data  apply  were  for  the  weathering  that 
followed  a  set  of  secondary  samples  (partially  weathered  at  the  time  of 
sampling).  The  original  secondary  samples  resulted  from  an  exposure  of 
washed  foliage  for  a  period  of  two  days  over  which  intermittent  light 
particle  showers  occurred  under  damp  conditions  both  day  and  night 
(mist-laden  air  moved  over  the  field  most  of  the  day).  The  following 
weathering  period  under  similar  conditions  was  three  days  long  with 
essentially  no  additional  deposit  during  the  weathering  period.  Thus, 
part  of  the  deposits  had  passed  through  five  days  of  heavy  dew  conden¬ 
sations  at  night  and  drying-off  periods  in  the  morning  up  to  sampling 
time.  However,  because  of  the  extremely  low  degree  of  weathering,  the 
deposit  must  already  have  encrusted  on  the  leaves  at  the  end  of  the 
first  two  days  of  exposure.  In  the  cited  case,  where  t  was  724  miles, 
0.03  inch  of  rain  at  the  end  of  the  wind-weathering  sequence  was  not 
effective  in  washing  off  the  residual  deposit. 

The  values  of  given  in  Table  20  were  taken  from  the  background 

measurements  of  the  spray-washed  foliage  and  are  suggested  as  being  the 
best  available  estimates  of  the  particle  concentrations  that  could  not 
be  further  reduced  by  any  degree  of  wind-  or  rain-weathering.  However, 


173 


if  foliage  is  already  loaded  to  these  levels  with  inactive  dust  before 
the  arrival  of  fallout,  the  nonremovable  fraction  could  be  less  than 
would  be  estimated  from  the  Cp^  values  of  Table  20. 

Examples  of  the  manner  in  which  the  kw  values  are  distributed  are 
shown  by  the  plots  in  Figures  16  and  17.  It  is  readily  evident  from 
the^e  plots  and  from  the  data  of  Table  20  that  the  bulk  of  the  values 
for  all  plants  fall  in  the  range  of  0.01  to  0.1  mi-*.  Except  for  the 
taller  plants  with  the  more  vertically  oriented  leaves  (which  have  the 
higher  values),  most  average  kw  values  are  between  0.02  and  0.04 
(see  averages  at  bottom  of  Table  20).  Until  further  evidence  is  obtained, 
the  average  values  of  the  weathering  equation  parameters  are  assumed  to 
apply  to  fresh  particle  deposits  occurring  under  both  dry  and  damp 
conditions. 


Variation  of  Plant  and  Plant  Part  Dry  Weights  with  Plant  Age 


For  nuclear  war  damage  assessments  of  the  effects  of  fallout  on 
plants,  estimates  of  the  foliar  surface  density,  w^,  are  needed  for 
computing  the  FL  values  as  a  direct  input  parameter.  The  value  of  wL, 
in  turn,  depends  on  the  planting  density,  np/xy,  and  the  dry  plant 
weight,  Up,  by  the  simple  relationship 


(155) 


The  plant  weight  depends  on  plant  age.  And,  since  the  planting  dates 
for  most  crops  are  well  known  for  each  county  or  region  over  the  country, 
the  ages  of  various  crops  in  each  county  can  be  estimated  once  the  attack 
date  for  a  hypothetical  war  is  selected. 

A  generalised  formulation  for  the  variation  of  mp  with  plant  age 
is  presented  below  together  with  analysis  of  the  data  obtained  in  Costa 
Rica.  Because  of  the  special  soils  and  climate  in  Costa  Rica,  the 
results  of  the  analysis  may  not  be  directly  applicable  to  conditions  in 
other  locations  due  to  differences  In  soils,  climate,  and  farm  manage¬ 
ment  practices,  The  treatment  of  other  data  by  similar  methods  would  be 
needed  to  supply  the  needed  input  information. 

Without  special  reference  to  details  of  biological  processes 
(somewhat  in  the  same  sense  that,  without  reference  to  specific  processes, 
it  is  generally  conceived  that  the  entropy  of  the  universe  is  constantly 
Increasing),  It  is  postulated  that,  within  a  given  growth  cycle,  the 
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biological  activity  decelerates  at  a  constant  rate.  Ibis  statement  may 
be  written  very  simply  as 


2  2 

d  y/dt  =  -2a 


(156) 


where  y  represents  some  measurable  quantity  of  biological  activity  and 
aT  is  a  constant  (which,  depending  on  its  role,  may  be  called  a  charac¬ 
teristic  biological  activity  coefficient  or  a  termination  coefficient). 
Hie  first  integration  of  Equation  156  gives 


dy/dt  =  2a  t  +  C 
T  T 


(157) 


where  CT  is  an  integration  constant.  The  constant  CT  may  be  evaluated 
in  terms  of  other  parameters  of  interest;  here,  CT  is  evaluated  by 
setting  dy/dt  equal  to  zero  at  the  time,  tm>  where  either  a  maximum  or 
minimum  in  biological  activity  occurs  (tm  could  thus  be  referred  to  as 
the  time  of  mortality  or  the  time  of  maximum  growth;  the  latter  defini¬ 
tion  applies  to  the  present  treatment).  With  this  evaluation, 

Equation  157  becomes 


dy/dt  =  2a  (t  -  t) 
t  m 


(158) 


To  obtain  the  solution  of  Equation  158  that  best  represents  the 
measured  plant  weight  data,  the  biological  activity  change  indicator, 
dy,  is  replaced  by  datp/Sp,  the  fractional  change  in  the  dry  weight  of 
the  plant  (the  dry  weight  being  proportional  to  the  minerals  and  organic 
matter  accumulated  in  the  aboveground  parts  of  the  plant).  Integration 
of  Equation  158  with  this  substitution  for  dy  and  application  of  the 
limiting  condition  that  mp  is  equal  to  m£  at  tB  gives 


o  • 

m  e 

P 


»T(ti  -  t) 


(15»> 


where  mp  is  the  total  dry  weight  of  the  sboveground  plsnt,  including 
stems  and  fruit,  and  m2  is  the  maximum  plant  dry  weight.  Alternative 
solutions  of  Equation  156  can  be  obtained  by  varying  the  values  of  the 
integration  constants  or  by  changing  the  limits  of  Integration.  Thus, 
for  the  case  where  CT  of  Equation  157  is  zero  to  represent  growth  of  a 
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plant  part  that  has  zero  rate  of  change  at  t  equal  to  zero,  substitution 
of  dsif/aif  for  dy  gives 


dmf/«f 

dt 


=  -2ar  t 

T 


(160) 


where  a;  represents  the  fruit  dry  weight.  With  application  of  the 
operator  ATe“®Tt2,  Equation  160  can  be  rewritten  as 


dm. 

f  „  .  -aTt 

- —  =  -2or  tA  e  T 
dt  T  T 


(161) 


2 

where  i»T  is  an  integration  constant.  Taking  AT  equal  to  m0eaTt°  and 
integrating  Equation  161  from  the  Halt  of  Bf  =  0  when  t  =  tQ  gives 


■<  -  ■?[*  - 


-aT(t2  -  t. 


») 


(162) 


The  fora  of  Equation  162  aay  be  used  to  represent  the  growth  or  increase 
in  weight  of  fruits  or  seeds  or,  rather,  the  increase  in  the  weight  of 
fruits  and  seeds  with  tlae  after  their  appearance  at  tQ.  Both 
Equations  139  and  162  aay  be  tested  for  their  fit  to  the  plant  growth 
data.  However,  because  aost  plants  show  a  slight  decrease  In  dry  weight 
near  the  end  of  their  growth  cycle,  Equation  139  only  was  used  to  corre¬ 
late  the  ap  data  (aost  plants  tend  to  return  soae  alnerals  back  to  the 
root  zone  after  aaturity). 

The  values  of  the  plant  growth  equation  paraaeters  are  given  in 
Table  21  as  derived  from  the  averaged  ap  values  of  Table  11.*  The  data 
for  several  of  the  vegetables  and  cereal  grains  are  plotted  In 
Figures  18,  19,  20,  and  21.  Within  the  Halts  of  variability  in  the 
data  (see  Table  11),  the  fit  of  Equation  159  to  the  data  la  exception¬ 
ally  good.  Also,  the  general  consistency  aaong  the  derived  values  of 
aT  for  all  the  plant  types  is  somewhat  surprising  in  view  of  general 
dispersion  of  the  weights  of  the  individual  plants.  For  many  of  the 


An  alternative  way  of  writing  Equation  139  is  a^e**  “  Bt2,  where 
a^  is  equal  to  m£e“*Tt*2,  A  is  equal  to  Et^,  and  B  is  equal  to  aT. 
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plants,  the  value  of  tm  for  the  plants  grown  during  the  rainy  season  in 
Costa  Rica  is  quite  large  compared  with  that  for  plants  grown  where  the 
climate  is  more  suitable  for  good  growth.  Discontinuities  in  the  data 
are  noted  to  be  coincident  with  those  periods  when  the  amount  of  sun¬ 
shine  hours  was  small  and  when  mildew  and  Insect  attacks  were  severe. 

The  data  for  the  wheat  stalks  show  the  relatively  faster  development  of 
the  Colombian  experimental  wheat  variety  over  the  U.S.  variety  obtained 
through  the  U.S.  Department  of  Agriculture. 

The  derived  values  of  the  seed  formation  equation  parameters  for 
the  cereal  grains  are  given  in  Table  22;  the  data  are  plotted  as  a  func¬ 
tion  of  time  after  planting  in  Figure  22.  These  data  also  reveal  the 
varietal  differences  in  the  development  of  the  wheat  heads  where  tQ  for 
the  Colombian  wheat  is  37  days  compared  with  68  days  for  the  U.S.  wheat 
variety.  (Some  of  this  difference  is  probably  due  to  climatic  differ¬ 
ences,  since  the  Colombian  wheat  was  planted  near  the  end  of  the  rainy 
season  and  matured  in  the  dry  season  whereas  the  U.S.  variety  was  planted 
and  grown  to  maturity  in  the  rainy  season.)  None  of  the  other  crops  were 
grown  to  harvest  of  ripened  seeds  so  that  conformance  of  Equation  162  to 
the  formation  of  seeds  or  ripened  fruit  for  the  vegetables  could  not  be 
evaluated. 


Correlation  Analysis  of  Plant  Part  Projected  Area  and  Dry  Weight  Data 

Since  all  the  projected  area  measurements  for  leaves  indicated  that 
the  projected  area  was  not  directly  proportional  to  the  dry  weights,  the 
deviation  from  direct  proportionality  was  investigated  by  fitting  the 
specific  area  data  to  an  equation  of  the  form 

o  -n, 

S,  «  S  a  **  (163) 

I*  L  L 

in  which  $1  and  n^  are  empirical  constants,  m^  is  the  dry  weight  per 
leaf  (or  plant  part),  and  is  the  specific  area  in  sq  ft  per  gm  (dry 
weight). 

The  use  of  the  parameter  SL  as  an  input  to  the  basic  foliar 
contamination  relationship  for  single  leaves  or  plant  parts  is  evident 
from  the  discussions  in  Part  One  and  Part  Two,  providing  a  means  for 
converting  the  leaf  weight  data  to  leaf  area  data,  *n  addition,  the 
correlation  coefficients  of  Equation  163  are  related  to  several  of  the 
foliar  contamination  functions  discussed  in  the  Background  section  in 
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this  part  of  the  report.  For  on  elllptlcally  shaped  leaf  of  thickness  h 
and  density  p,  the  specific  area  is  given  by 

S  -  1/ph  (164) 


Thus,  if  P  and  h  are  constant  for  all  leaves,  is  also  constant.  The 
value  of  Sl  can  depend  on  either  p  or  h  changes  with  leaf  size. 

If  all  dinenslons  of  the  leaf  vary  linearly  with  leaf  size  (i.e., 
b  a  Hja  and  h  -  *2a<  *here  a  and  b  are  the  two  axes  of  the  elliptical 
leaf),  the  specific  area  for  a  constant  density  would  be  given  by 


,  ,1/3 

(~v  -i/3 

Sl  '  <=v2/3 


(135) 


where  is  inversely  proportional  to  the  cube  root  of  the  leaf  weight. 
Alternative  possibilities  are  as  follows: 

2 

1.  b  a  na,  h  *  Ha  ;  n  *  0.50 

1  3  L 

2  2 

2.  b  «  Ha  ,  h  »  Ha  ;  n  a  0.40 

4  3  L 

2 

3.  b  b  Ha  ,  h  3  na;  n  s  0.20 

4  2  L 

If  p  increases  as  the  leaf  size  increases  with  age,  n^  could  have  any 
value  less  than  unity. 

For  a  spherically  shaped  object  of  constant  density,  such  a.-i  a 
fruit,  the  specific  ares  would  be  given  by 


For  a  cylindrtcally  shaped  object  of  onstant  density,  such  as  a 
stesi,  wheat  heed,  or  squash  (zucchini)  fruit  of  length  l  and  radius  a, 
the  specific  area  is  given  by 


S 


L 


2 

«Pa 


(167) 
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The  following  values  of  are  possible,  depending  on  the  relative 
degree  of  change  in  2  and  a  as  the  cylindrically  shaped  object  grows 
in  size: 


1.  X 

2.  X 

3.  X 

4.  X 

5.  X 

6.  X 

7.  X 


H  ,  n  =0.50 
0  L 


na,  n  =  0.33 
1  L 


2 

V  ’ 

II 

J 

c 

0.25 

3 

V  • 

"l 

0.20 

-1 

Ha  , 

4 

n 

L 

=  1.00 

-2 
V  • 

"l 

=  0.00 

-3 

V  • 

n 

L 

=  -1.00 

The  evaluated  correlation  equation  coefficients  are  summarized  in 
Table  23  for  the  various  plant  leaves  and  other  plant  parts.  Unfortu¬ 
nately.  no  leaf  density  Measurements  were  wade  but  the  difference  in  the 
correlation  parameter,  s£,  for  young  and  old  plants  and  leaves  is  a 
strong  indication  that  the  density  increases  as  the  leaf  ages.  For  most 
of  the  vegetables,  the  derived  value  of  n^  lor  the  leaves  is  between 
0.25  and  0.33,  suggesting  perhaps  that  the  leaf  dimensions  v-ry  linearly 
with  leaf  siae,  with  some  increase  in  density  for  the  larger  and  older 
leaves.  The  relatively  smaller  value  of  n^  for  the  tree  leaves  suggests 
that  the  leaf  thicknes*  is  about  the  same  for  all  leaves  and  that  only 
the  density  increases. 

The  value  of  n^  of  0.20  for  onions  corresponds  c.wcily  to  the 
case  where,  for  a  constant  density  cylinder,  the  length  of  the  stem 
increases  in  proportion  to  the  third  power  of  the  radius.  This  scaling 
was  selected  in  the  analysis  of  the  foliar  contamination  data  for  onions 

The  variation  of  with  n^  for  the  leaves  of  the  cabbage  plant 
and  the  leaves  of  the  avocado,  grapefruit,  and  laurel  trees  is  shown 
respectively  in  Figures  23,  24,  25,  and  26. 


Tree  Contamination  Functions 

The  data  on  the  contamination  of  the  leaves  of  trees  were  not  very 
extensive,  especially  with  respect  to  information  on  the  total  loading 
of  the  trees  with  particles.  Only  for  the  small  grapefruit  tree  was  a 
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reliable  measurement  of  the  total  leaf  weight  made.  For  this  tree,  a 
record  of  the  locations  of  the  leaves  removed  as  samples  was  made  with 
the  intention  of  establishing  the  angular  orientations  of  the  individual 
leaves  and  using  this  information  to  derive  the  particle  trajectory 
angles  and  modeling  information.  However,  the  analysis  of  the  photo¬ 
graphic  data  proved  to  be  exceedingly  tedious  and  time-consumi  ig  and  was 
discontinued.  In  any  event,  the  amount  of  detail  in  the  analysis  could 
not  be  employed  in  damage  assessments  because  the  input  data  would  not 
be  available  for  other  trees  and  because  the  computation  time  would  be 
prohibitive. 

The  approach  in  the  development  of  the  tree  contamination  function 
parallels  that  for  the  other  plants  as  discussed  in  the  Background 
section.  However,  instead  of  being  interested  in  the  fraction  of  the 
ground- level  deposit  retained  by  the  tree  leaves,  the  functions  are 
concerned  with  the  total  weight  of  particles  retained  by  single  trees. 
(The  conversion  to  fractions  retained  relative  to  the  ground  surface 
without  the  presence  of  the  trees  for  a  forest  stand  is  easily  accom¬ 
plished  from  the  functions  given  in  the  Background  section  once  the 
equation  parameters  are  known.)  The  characteristic  tree  canopy  shapes 
selected  for  modeling  are  (1)  an  elliptical  shape,  (2)  a  spherical  shape, 
and  (3)  a  half-elliptical  shape.  (The  latter  applies  to  a  large  pine 
tree.)  The  generalized  tree  contamination  function  is 

AM  =  T|S  (s,cp)Ant  (168) 

x  L  o 


where  AMt  is  the  total  weight  of  particles  retained  by  the  tree  leaves, 

T|  is  the  impaction- retention  or  screening  coefficient,  Sl(s,<p)  is  a 
function  that  relates  the  tree  dimensions  and  shape  to  its  projected 
area  and  the  particle  fall  angle,  and  Am0  is  the  particle  flux  density 
(gm  per  sq  ft)  in  a  plane  perpendicular  to  the  particle  fall  trajectory 
for  a  given  shower  of  particles.  In  general,  Am0  is  knowr  only  through 
measurements  of  Am  on  a  horizontal  surface  in  a  nearby  open  area.  Thus, 
Equation  168  becomes 


AM  =  T|S  (s,cp)Am/sin  cp 
t  L 


(169) 


If,  for  the  selected  canopy  geometries,  the  letter  a  designates  the 
radius  for  the  spherical  shapes  and  the  (minor)  axis  of  revolution  in 
the  horizontal  plane  for  the  elliptical  shapes  and  b  designates  the 
major  axis  for  the  elliptical  shapes,  the  specific  functional  forms  are 
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(170) 


AM^  =  T)ffab 


1 


(1  +  c^Ua/b)4  +  a2] 


[(a/b)2  +  a2] 


Am 


for  the  elliptically  shaped  canopy; 


,  Tjrra 

AM  =  - 

t  2 


.  /(I  +  0f2)[(a/b)4  7  a2] 

a  -t-  b  / - 

V  C(a/b)2  +  a2] 


Am 


for  the  half-elliptically  shaped  canopy;  and 


AM  = 


7)na^Am 


t  sin  cp 


(171) 


(172) 


for  the  spherically  shaped  canopy. 

Since  no  direct  measurements  of  AMt  were  made,  the  values  of  T) 
were  obtained  by  indirect  methods.  Hie  geometric  constants  for  the 
tree  specimens  used  in  the  experiments  were  deduced  from  photographic 
evidence.  Several  other  relationships  can  be  written  for  AMt;  these 
include 


AM  =  W  a  Ant(eff) 
t  L  L 


(173) 


AM 

t 


=  N  m  a  Am(eff) 
L  L  L 


(174) 


and 


AM 

t 


p  V  a  Am(eff) 
L  L  L 


(175) 


where  WL  is  the  total  dry  weight  of  the  leaves,  NL  is  the  number  of 
leaves  on  the  tree,  m^  is  the  average  dry  weight  of  a  leaf,  pL  is  the 
spatial  density  of  the  leaves,  is  the  total  volume  of  the  canopy,  and 
Am(eff)  is  the  effective  value  of  Am  for  the  tree  as  a  whole.  In  Part 
Two,  the  value  of  a^  was  permitted  to  vary  for  samples  around  the  canopy 
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through  evaluation  of  the  ratio  Cp/Am;  here,  aL  is  taken  to  be  an 
invariable  coefficient  for  a  given  type  of  leaf  and  set  of  exposure 
conditions.  Hie  greased-disc  collector  data  show  that  the  air  concen¬ 
tration  of  the  particles  within  the  tree  canopy  is  decreased;  thus,  it 
follows  that  C°  of  the  interior  and  lower  leaves  is  decreased  because 
of  the  decrease  in  Am  with  distance  into  the  canopy  from  the  outside 
leaves  in  the  direction  of  the  wind.  Thus,  the  aL  value  applicable  to 
Equations  173  through  175  is  that  measured  for  the  leaves  on  the  top 
of  the  canopy  and  on  the  upper  portion  of  the  canopy  facing  the  wind. 
(Specific  orientation  of  th*'  individual  leaves  is  neglected  assuming 
that  a^  is  an  average  value  for  a  group  of  leaves  in  various  orientations 
with  respect  to  the  average  value  of  the  particle  trajectory  angle.) 

The  values  of  the  geometric  and  other  characteristic  tree  canopy 
parameters  for  the  tree  specimens  on  which  foliar  contamination  data 
were  obtained  are  summarized  in  Table  24.  The  parameters  a,  b,  ht 
(height  of  top  of  canopy),  and  h^  (height  of  bottom  of  canopy)  were 
derived  from  field  photographs  taken  at  two  or  more  directions  from  the 
tree.  In  all  cases,  the  projected  areas  of  the  canopies  were  measured 
and  the  dimensions  a  and  b  were  evaluated  from  the  area  measurements  to 
obtain  better  average  values  of  these  parameters  and  to  check  the  general 
consistency  of  the  selected  geometric  form  for  each  tree.  As  previously 
stated,  all  the  leaves  of  the  grapefruit  tree  were  removed  from  the  tree, 
counted,  dried,  and  weighed  so  that  the  values  of  mL,  NL,  WL,  and  pL  are 
accurately  known  for  that  specimen.  The  values  of  these  parameters  for 
the  laurel  tree  were  estimated  from  two  branches  that  were  removed  from 
the  tree;  one  branch  carried  890  leaves  and  the  other  592  leaves.  Hie 
spatial  volume  of  each  of  the  leaf  groups  was  determined  from  a  trio  of 
photographs  taken  of  the  branches  while  they  were  held  in  the  same 
orientation  as  when  on  the  tree.  Hie  average  number  of  leaves  per  cu  ft 
from  the  two  measurements  was  166  ±  10.  The  spatial  density  of  the 
needles  from  Pine-2  was  determined  from  the  count  of  220  needles  per  ft 
of  branch,  the  needle  length  of  0.36  ft,  and  the  average  weight  of 
0.0675  gm  per  needle.  This  number  of  needles  would  yield  a  spatial 
density  of  36.7  gm  per  cu  ft  around  each  of  the  branches  for  the  last 
2  to  3  ft  of  length.  However,  because  the  older  wood  on  the  branches 
has  no  needles  and  is  spaced  so  that  some  of  the  canopy  volume  is  void 
space,  this  calculated  spatial  density  was  reduced  by  a  factor  of  two 
for  the  whole  tree. 

The  consistency  of  the  PL  values  for  the  grapefruit,  laurel,  and 
Pine-2  suggests  that  the  value  of  PL  is  more  nearly  the  same  for  all 
trees  than  is  the  number  of  leaves  per  unit  volume.  The  number  of 
leaves  per  cu  ft,  from  the  data  of  Table  24,  is  69  for  the  avocado, 

196  for  the  camphor,  66  for  the  grapefruit,  and  166  for  the  laurel. 
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Hie  reduced  needle  density  for  Pine-2  amounts  to  an  average  number  of 
270  needles  per  cu  ft. 

In  Part  Two,  preliminary  evaluations  of  Ffw^)  were  made  along  with 
evaluations  of  the  coefficient  3  in  the  equation 


F(w  )  =  e 
L 


-gr 


(176) 


where  r  is  the  path  distance  of  particles  that  penetrated  the  canopy 
and  were  intercepted  by  the  leaves  located  at  some  point  in  the  canopy 
other  than  on  the  upwind  side  of  a  tree.  If  the  reduction  in  Am  (or  An^) 
along  this  path  is  the  cause  of  the  reduction  in  C°  of  the  leaves, 
Equation  176  is  related  to  Am(eff)  through 


Am(eff)  =  Am(l  - 


(177) 


and  the  particle  flux  within  the  canopy  would  be  represented  by 


Am(r)  =  Arne 


-0r 


(178) 


where  Am(r)  is  the  particle  flux  at  the  distance  r  from  the  outside 
leaves  as  measured  along  or  parallel  to  the  particle  trajectory. 

The  application  of  Equations  177  and  178  depends  on  whether  the 
particle  trajectories  are  maintained  to  some  degree  after  the  particles 
enter  the  canopy.  If  the  air  within  the  canopy  does  not  move  through 
the  canopy  at  all,  the  distance  r  should  be  the  vertical  distance  from 
the  point  of  particle  entry  into  the  canopy.  If  the  air  moves  through 
the  canopy  with  approximately  the  same  speed  as  it  does  outside  of  the 
canopy,  the  outside  particle  trajectories  will  be  approximately  main¬ 
tained  for  the  particles  penetrating  the  canopy.  The  latter  case  would 
be  expected  to  prevail  especially  as  the  wind  speed  increases  and  forces 
the  leaves  into  motion  and  to  an  average  orientation  that  is  less  wind 
resistant.  As  a  consequence,  a  relatively  larger  fraction  of  the 
incident  particle  flux  should  move  through  the  canopy  with  increase  in 
wind  speed;  in  other  words,  the  value  of  Zm(eff)  should  build  up  with 
path  length  inversely  proportional  to  wind  speed.  On  the  other  hand, 
Am(efi')  should  build  up  with  path  length  in  proportion  to  the  density 
of  leaf  area  along  the  path  or  in  direct  proportion  to  (leaf  area  is 
more  nearly  proportional  to  mL  than  it  is  to  the  number  of  leaves). 
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The  build-up  rate  of  "5n(ef f )  along  the  path,  with  the  aid  of 
Equation  177,  thus  can  be  written  as 


dAm(ef f ) 


— r—  '  tm 
v  L  o 


-  Am(eff) 


(179) 


in  which  0°  is  a  constant  whose  value  may  be  estimated  from 


v  3 

o  w 


(180) 


Only  very  approximate  evaluations  of  the  parameter  3  or  3°  and 
investigations  of  the  persistence  of  the  particle  trajectory  angles 
within  the  tree  canopy  were  possible  from  the  few  data  obtained  from 
samples  caken  at  various  locations  on  the  camphor,  laurel,  and  pine  tree 
canopies.  Unfortunately,  measurements  of  the  wind  direction  during 
deposition  were  not  made,  and  the  direction  had  to  be  assumed  or  deduced 
from  the  contamination  data  (see  discussion  in  Part  Two).  For  the 
camphor  tree,  the  direction  of  the  wind  was  assumed  to  be  from  the 
northeast  for  all  sets  of  samples.  For  the  laurel  tree,  the  wind  direc¬ 
tions  were  taken  as  follows:  (1)  Set  No.  2,  northeast;  (2)  Set  No.  3, 
southeast;  (3)  Set  No.  4,  west;  and  (4)  Set  No.  5,  west  (see  Table  19  of 
Part  Two  for  a  description  of  the  sample  sets).  For  the  Pine-2  tree, 
two  sets  of  peripheral  foliage  samples  were  taken  at  a  height  of  about 
6  ft  above  the  bottom  branches.  In  the  first  set  (see  Table  24  of  Part 
Two),  nine  samples  were  taken,  and  the  relative  degree  of  contamination 
of  the  samples  suggests  that  the  direction  of  the  wind  during  deposition 
was  between  300  and  325  degrees  from  true  north.  In  the  second  set,  the 
wind  direction  was  taken  to  be  from  the  south. 

If  the  usual  x,y,z  coordinate  system  (with  origin  at  the  midheight 
of  the  tree  for  the  spherical  and  elliptical  canopies  and  at  the  bottom 
of  the  canopy  for  the  half-elliptical  shape)  is  assumed  for  the  specifi¬ 
cation  of  sampling  locations  within  the  canopies  of  the  trees,  the 
trajectory  path  (assumed  to  be  a  straight  line  in  the  x-z  plane)  may  be 
defined  by 


x  =  o(z  -  z  ) 
o 


(181) 
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where  zQ  is  the  intercept  for  a  given  trajectory  at  x  equal  to  zero 
and  where  the  x  axis  is  parallel  to  the  direction  of  the  wind.  The  path 
length,  r,  for  the  spherically  shaped  canopy  is 


r 


2  2 
z  cos  cp 


(182) 


For  an  elliptically  shaped  canopy,  r  would  be  estimated  from 


2a  b 


r  = 


2  2  2 
a  +  O'  b 


/  2~T  2  2~2  2  2  2  21 

yjd  +  a  )[(a  +  a  b  )(1  -  y  /a  )  -  or  zo  j 


(183) 


For  a  half-elliptically  shaped  canopy,  r  would  be  estimated  from _ 

Equation  183  for  zQ  values  between  (a/or)\/l  -  y^/a^  and 
and  from 

(i  +  «v/2r 

r  "  2  2  2  I 

(a  +  or  b  )  *■ 

for  zQ  values  between  -(a/or)^/l  -  y2/a2  and  (a/a)Jl  -  y2/a^. 

Equations  181  and  182  were  used  to  analyze  the  data  from  the 
camphor  and  laurel  trees;  for  the  data  from  Pine-2,  Equations  181,  183, 
and  184  were  used,  the  information  used  to  calculate  the  0  values  and 
the  resulting  (3  values  from  the  F(wL)  data  for  the  camphor  and  laurel 
trees  is  summarized  in  Table  25.  Hie  c£/Am  ratios  from  which  the  P 
values  for  the  laurel  tree  were  actually  computed  are  plotted  as  a 
function  of  r  in  Figure  27.  The  Cp/Am  ratios  for  the  Pine-2  tree  are 
plotted  as  a  function  of  r  in  Figure  28;  the  derived  P  values  are  given 
in  the  figures  as  the  slope  of  the  lines.  The  rather  large  variation  in 
the  Cp/&m  or  a^  values  for  the  samples  taken  from  the  sides  of  the  trees 
directly  exposed  to  the  incoming  particles  could  arise  from  either  local 
shadowing  of  one  group  of  leaves  by  the  next  (or  by  a  branch)  or  from 
differences  in  the  loaf  orientations.  The  relatively  high  a^  values  of 
the  individual  horizontal  leaves  taken  from  the  periphery  of  the  laurel 
tree  in  one  experiment  (see  Figure  16  of  Part  Two)  is  an  example  of  the 
latter. 


22 
b  z 


+  ab  ./(a  + 


2  2 

or  b  )(1  - 


2. 

y  /a  ) 


2  2 
-  a  z 
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The  average  value  of  0°  for  the  camphor  and  laurel  trees  is 


0°  =  0.0612  (mi/hr)/(gm/sq  ft)  (185) 

for  vw  in  mi  per  hr  and  Pl  in  gm  per  cu  ft;  if  vw  is  expressed  in 
ft  per  sec,  the  value  is 

0°  =  0.0897  ( ft/sec )/(gm/sq  ft)  (186) 

For  the  pine  tree,  the  average  value  of  0°  is 

0°  =  0.0376  (mi/hr)/(gm/sq  ft)  (187) 


or 


0°  =  0.0551  (ft/sec)/(gm/sq  ft)  (188) 

where  heavy  weight  was  given  to  the  data  of  Set  No.  1.  For  Set  No.  2, 
only  single  values  of  c£/Am  were  obtained  for  the  side  of  the  tree 
directly  exposed  to  the  incoming  particles,  and  the  side  locations  were 
apparently  not  known  within  a  sector  of  30  degrees  or  more.  The 
meristem  contamination  levels  would  be  more  susceptible  to  local 
shielding  as  single  branch  tips  than  would  be  the  larger  branch-section 
samples.  In  all  the  analyses,  the  true  path  length  of  the  particles 
through  the  foliage  is  least  well  defined  for  the  peripheral  samples 
taken  from  locations  at  90  degrees  to  the  direction  of  the  wind  (i.e., 
where  y  approaches  ±  a).  For  both  sets  of  data,  the  value  of  a  was 
calculated  from  the  ratio  vw/Vf(50),  in  which  the  value  of  the  falling 
velocity,  9f(50),  was  determined  from  dgQ  for  the  particles  obtained 
through  the  sieving  measurements. 

The  results  of  the  analysis  described  above  indicate,  at  least  in 
a  gross  sense,  a  tendency  for  the  particles  to  maintain  their  original 
trajectories  within  tree  canopies  with  radii  as  large  as  3  ft  or  more. 
This  behavior  Is  adapted  as  characteristic  of  the  particles  in  further 
treatment  of  the  data  for  evaluating  the  screening  coefficient,  T). 
Additional  significance  to  be  attached  to  the  dilution  of  the  particle 
air  concentrations  in  passing  through  the  trees  is  that  the  leaves  on 
the  windward  side  and  tip  of  the  tree  will  be  the  most  highly 
contaminated. 
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Hie  value  of  7}  can  be  evaluated  through  combination  of  a  pair  of 
AM^  functions  such  as,  for  example,  Equations  172  and  173;  this  pair 
gives,  for  T| 


T)  = 


2 

(W  /TTa  )a  sin 


<p  75i(eff  )/AmJ 


(189) 


To  accomplish  the  evaluation  of  T]  through  Equation  189,  an 
estimate  of  the  ratio  Am(eff)/Am  is  needed.  One  method  of  evaluation 
would  be  through  a  random  sampling  of  leaves  throughout  the  whole  canopy 
since,  in  this  case,  a  gross  average  value  of  Cp  or  a^  is  obtained  and 
a£(eff)Am  can  be  substituted  for  a^Am(eff).  As  previously  stated,  the 
a^  value  applicable  in  this  treatment  refers  to  that  of  the  leaves  on 
the  upwind  side  of  the  tree. 

In  general,  the  ratio  Am(eff)/Am  would  be  equal  to  the  ratio  of 
the  total  particle  flux  that  does  not  leave  the  back  side  of  the  tree 
to  the  total  flux  over  the  projected  area  of  the  canopy  in  a  plane 
perpendicular  to  the  average  particle  trajectory  (or  fall  vector). 

For  a  spherically  shaped  canopy,  this  ratio  can  be  computed.  The  total 
particle  flux  that  passes  through  the  canopy  to  the  back  side  of  the 
tree  is  given  by 


AM 

r 


2m 

o 


o 


(199) 


where  Y  is  the  radius  of  the  canopy  in  the  x-z  plane  (x  direction 
being  parallel  to  the  direction  of  the  wind).  The  total  Incident  flux 
is  simply  rra2m0.  Integration  of  Equation  190  yields 


AM 

r 


]ri  -  (2a 3  +  l)e"2aP] 

2 @2  L  J 


(191) 


And,  since 


TTa2*  -  AM 
"Z*(eff)/Am  *  1  ^ . -r 

Tia  m 

o 


(192) 
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the  ratio  in  terms  of  the  parameter  3  and  the  canopy  radius  becomes 


Am(ef f )/Am  =  1 


1 


_ r 

2aV  ^ 


(2a  3  +  l)e 


•2a3" 


(193) 


If  the  leaves  retain  all  the  particles  that  strike  their  surfaces 
so  that  the  parameter  3  accurately  describes  the  dilution  of  the 
particles  from  the  airstream,  Am(eff)/Am  is  exactly  equal  to  T],  and  all 
the  remaining  terms  of  Equation  189  would  be  canceled.  However,  if  the 
particles  tend  to  bounce,  agglomerate,  and  roll  off  the  leaves,  T]  should 
be  smaller  than  Am(eff)/Am,  since  most  of  these  particles  would  be 
expected  to  sift  downward  through  the  windward  portion  of  the  canopy. 

An  analytical  expression  of  Am(eff)/Am  for  the  elliptically  and  half- 
elliptically  shaped  canopies  could  not  be  readily  found;  the  latter  form 
for  the  Pine-2  tree  required  graphical  integration  for  evaluation. 

The  estimated  values  of  Am(eff)/Am  and  T),  along  with  other 
pertinent  related  parameters  used  in  the  calculations,  are  summarized 
in  Table  26  for  the  avocado,  camphor,  grapefruit,  laurel,  and  pine  trees. 
The  evaluations  for  the  relatively  dense  foliage  of  the  avocado  tree 
give  1]  values  that  are  almost  exactly  equal  to  &m(eff)/Am.  Similar 
behavior  is  exhibited  by  the  camphor  tree  foliage  except  that,  on  the 
average,  1)  is  about  80  percent  of  TSiUeff  )/Am,  indicating  an  additional 
loss  of  about  20  percent  of  the  particle  weight  due  to  bounce  or  roll-off 
from  the  leaves.  The  value  of  "H  for  the  small  grapefruit  tree,  0.221, 
from  a  random  sample  of  121  leaves  agrees  well  with  the  value,  0.227, 
calculated  from  the  a^  value  of  the  most  exposed  group  of  leaves  and  the 
computed  value  of  Am(eff)/Am.  This  agreement  is  probably  fortuitous; 
a  more  fully  branched  and  developed  grapefruit  tree  probably  would 
exhibit  retention  behavior  more  like  the  avocado  and  camphor  tree 
canopies.  However,  if,  for  the  more  open  foliage  form  of  the  canopy, 
the  screening  coefficient  varies  with  wind  speed  as  it  does  for  the 
smaller  plants,  the  value  of  T)  for  the  smaller  grapefruit  trees 
(spherical  canopies)  would  be  given  by 


T)  = 


^Ara(ef f l/Am^e 


-0.332V- 


(194) 


The  data  lor  the  laurel  tree,  with  1]  values  consistently  larger 
than  unity,  present  a  discrepancy.  The  tree  was  located  on  a  steep 
hillside  that  sloped  up  toward  the  north-northwest  at  an  angle  of  40  to 
45  degrees.  The  tray  and  plate  collectors  were  set  approximately  at 
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level  and  gave  an  Internally  consistent  set  of  data  for  cp  and  Am  for 
sample  Set  No.  3.  (This  is  the  only  set  for  which  measurements  of  all 
parameters,  cp,  vw,  and  Am,  are  available.)  Ihe  estimate  of  the  foliar 
spatial  density  could  be  high  but  no  large  space  void  of  leaves  in  the 
center  of  the  canopy  was  noted.  No  significant  dependence  of  7)  with 
wind  speed  in  addition  to  that  Included  in  the  parameter  $  is  shown  by 
the  data.  If  the  slope  correction  of  40  to  45  degrees  is  applied  to  the 
a^  values,  the  value  of  T]  for  the  laurel  tree  would  be  approximately 
equal  to  the  calculated  value  of  Zm(eff)/Am. 

The  values  of  1]  and  T]/[Zm(eff )/Am]  for  the  Pine-2  tree  show  some 
further  dependence  on  wind  speed  than  that  included  in  the  parameter  0. 
This  dependence  of  7]  on  vw  may  be  represented  by 

71  =  jj5m(eff)/Amje'°‘300^w  (195) 


Approximate  values  of  7)  for  trees  such  as  the  pine  (open  foliage 
and  half-elliptically  shaped  canopy)  with  a  height  of  20  to  30  ft  and  a 
width  of  8  to  12  ft  for  wind  speeds  up  to  about  6  mi  per  hr  may  be 
estimated  directly  from 


_  -0.468V- 

T]  =  e  w 


(196) 


to  avoid  the  graphical  integration  of  Zm(eff)/Am. 

The  above  summary  of  the  7}  values  for  trees,  including  the  data 
in  Table  26,  is  quantitatively  rudimentary  because  of  the  limited  amount 
of  data  and  because  of  the  many  estimates  entailed  in  the  data  analysis. 
For  the  grapefruit,  laurel,  and  pine  trees,  all  values  of  or  (and  aln  cp) 
except  one  were  calculated  from  vw/vf(50)  ratios,  where  vj(50)  was 
derived  from  sieve  analysis  data  and  could  be  in  error  by  over  a  factor 
of  two.  In  several  cases,  the  vw  value  was  estimated  (i.e.,  guessed) 
on  the  basis  of  sensory  observation.  At  best,  the  scaling  functions 
indicate  the  order  of  magnitude  r  ‘  the  foliar  retention  by  single  trees 
and  the  general  variation  in  the  amount  of  falling  particles  retained 
from  one  side  of  the  tree  to  another. 


Personnel  Contamination  Functions 


The  personnel  contsmlnation  functions  nre  similar  to  thoae 
described  for  the  plants  in  that  approximate  geometric  conflguratlona 
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are  used  to  derive  the  dependence  of  the  contamination  factors  on  the 
particle  trajectory  angles  and  the  wind  speed.  The  contaaination  factor, 
as  presented  In  Part  TVo,  is  defined  by 

a  =  Aw  /Am  (197) 

h  h 


where  Aw^  is  the  weight  of  particles  retained  by  any  specific  portion 
of  the  exposed  body  surface  or  apparel  and  Am  is  the  weight  of  the 
deposit  per  unit  area  of  horizontal  ground  surface. 

In  the  simple  models  for  the  personnel  contaaination  functions 
described  here,  it  is  assumed  that  the  body  is  in  an  upright  position 
(standing  or  walking)  and  that  the  shapes  of  the  various  parts  of  the 
body  (or  apparel  covering  them)  may  be  represented  by  a  combination  of 
cylinders,  spheroids,  spheres,  and  plane  sections,  each  with  a  specific 
set  of  dlaensions  for  estimating  projected  areas.  Some  of  the  models 
are  as  follows: 

1.  Body  without  head  (or  portion  thereof,  including  clothing 
such  :s  a  blouse,  shirt,  suit  coat,  trousers,  or  dress): 

a  »  2Tpzo  (198) 

h 


2.  Spheroidal  head  (hair,  face,  ears,  and  neck  to  shoulder 
height); 


a  a  llrta 
h 


1(1  .  a2)(.4  .  aV) 

V  (.’  .  «,V> 


3.  Spherical  head: 


a 


h 


sin  9 


(199) 


(200) 
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4.  Hair  toss-half  of  spherical  head): 


a 


h 


2 

T^na  (1  +  ain  tp) 
2  sin  cp 


(201) 


5.  Vertical  appendages  and  surfaces  (forearms,  face,  ears, 
spectacles,  etc.): 


a 


h 


=  TVtcr 


(202) 


in  wh*  h  a  is  the  average  radius  of  the  lepresented  cylindrical  fora, 
z  is  the  length  oi  the  form,  a  is  the  average  radius  of  the  head 
(computed  for  the  maximum  circumference)  in  the  horizontal  plane,  b  is 
the  average  radius  of  the  head  in  the  vertical  plane,  and  A  is  the 
projected  area  of  the  appendage  or  surface  of  interest  (noting  that 
ears,  forearms,  etc.,  usually  come  in  pairs).  For  the  total  body 
without  head,  I  would  be  estimated  from  a  measurement  at  the  waiat  of 
the  distance  around  the  body,  including  the  arms  at  each  side;  i  is  then 

I  «  C/6.28  (203) 

where  C  la  the  measured  circumferential  distances.  The  length  a  is  the 
distance  from  the  ground  to  the  shoulders.  For  s  blouse  or  shirt,  C 
would  be  measured  at  chest  height,  again  including  the  arms,  and  z  would 
be  the  distance  from  the  weist  to  the  shoulers.  The  eers  and  hands  may 
be  represented  by  elliptlcslly  shaped  plane  sections,  the  forearms  by 
cylinders,  the  spectacles  by  rectangles  or  ellipses,  and  the  face  by  e 
half-cyllndrlcally  shaped  section. 

Because  of  movement  of  a  person  exposed  to  a  psrticle  shower  and 
because  of  local  variations  in  wind  speed  and  direction,  continuous 
exposure  of  all  parts  of  the  body  to  the  impaction  of  particles  during 
the  shower  will  not  occur  (on  the  average).  The  situations  for  which 
the  personnel  contamination  data  reported  here  pertain  all  entailed 
movement  during  exposure  (sampling,  walking  around,  etc.);  however, 
scoe  care  was  taken  not  to  nib  particles  off  arms  and  face  or  out  of  the 
hair  to  obtain  some  information  on  the  particle  retention  efficiency  of 
the  human  shape.  No  special  term  la  included  in  the  scaling  functions 
to  account  for  the  frequency  or  duration  of  direct  impaction  on  parts  of 
the  body  such  as  the  face  or  an  ear.  The  effect  la  left  to  be  accounted 
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for  in  the  derived  values  of  T|  (which  also  include  impaction  and 
retention  and  wind  effects). 

The  geometric  coefficients  applicable  to  the  personnel  contamina¬ 
tion  functions  listed  above  and  the  data  available  for  reduction  are 
given  in  Table  27  along  with  special  designators  of  the  coefficient  Tj. 

In  the  case  where  T)  should  have  the  same  value  after  accounting  for 
geometry,  the  same  designation  of  1]  is  used  for  different  parts  of  the 
body  or  apparel. 

The  values  of  T)  for  the  personnel  decontamination  functions,  as 
derived  from  the  data  taken  in  the  second  phase  of  the  field  work,  are 
given  in  Table  28.  The  integrated  wind  speed,  t,  for  each  exposure  is 
also  given  as  is  the  estimated  value  of  cp.  The  better-known  values  of 
cp  are  those  for  samples  PC- 14  through  PC- 26;  the  last  two  samples 
(PC-25  and  PC-26)  coincided  exactly  with  a  set  of  plate  collector 
measurements.  The  data  show  that  the  T)  values  decrease  with  time  of 
exposure  and  with  the  wind  speed;  this  behavior  is  especially  evident 
for  the  T](h)  values  which  are  the  most  abundant  in  the  table.  The 
decrease  in  the  T]  values,  with  both  wind  speed  and  time,  is  probably 
due  to  both  a  decrease  in  impaction  and  retention  of  the  particles  with 
wind  speed  during  deposition  and  subsequent  removal  of  some  of  the 
particles  that  are  initially  retained.  The  T)  values  were  finally 
correlated  with  T  (where  T  is  equal  to  the  product  vwt,  with  vw  being 
the  average  wind  speed  over  the  total  exposure  time,  t)  by  fitting  the 
data  to  the  wind  erosion  function  defined  by 

T}  =  7]°e“PwT  (204) 

The  computed  values  of  Tj  are  plotted  as  a  function  of  T  in 
Figures  29  and  30.  Except  for  Tj(h),  some  assumption  about  the  va 
of  T]0  for  the  other  body  parts  was  required  because  of  the  scatter  in 
the  data  and  the  relatively  small  number  of  observations.  For  Tl°(e) 
and  T]°(b),  a  value  of  0.5  was  selected  on  the  basis  of  a  random 
frequency  of  direct  exposure  and  a  relatively  higher  degree  of  retention 
under  calm  wind  conditions  than  for  the  observed  conditions.  On  the 
same  basis,  T]°(s)  was  taken  to  be  0.1  and  T]°(f)  to  be  0.2.  These  values 
lead  to  average  pw  values  that  ore  conceptually  consistent  with  the  pw 
value  for  hair.  The  two  equation  constants  for  all  sets  of  data  are 
as  follows: 
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T)°(h)  =  2.16;  p  (h)  =  0.0781  (crew  cut) 
w 

Tj°(h)  =  1.27;  p  (h)  =  0.0781  (medium  cut) 
w 

T|°(e)  =  0.5;  p  (e)  =  0.0974 
w 

Tl°(f)  =  0.2;  p  (f)  =  0.118 
w 

Tl°(fa)  =  0.29;  p^fa)  =  0.0514 

7]°(b)  =  0.5;  Pw(b)  =  0,0945 

T]°(p)  =  0.1;  pw(s)  =  0.120 

In  addition,  it  is  apparent  that  Equation  204  could  not  prevail 
indefinitely  as  T  increased  to  large  values  either  because  of  high  wind 
speed  during  exposure  or  because  of  an  extended  period  of  weathering. 
The  horizontal  portions  of  the  curves  in  the  figures  were  added  to 
suggest  that  7]  probably  would  not  decrease  beyond  about  0.01  T]°  due  to 
entrapment  of  particles  at  the  base  of  the  hair  or  in  the  cloth  fibers, 
folds,  or  pockets  of  wearing  apparel. 

No  attempt  is  made  here  to  correlate  the  data  presented  in  this 
report  with  other  available  personnel  contamination  data  since  this  is 
the  only  set  for  which  values  of  both  cp  and  T  are  available  for 
correlation  purposes. 
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Table  14 


PARTICLE  TRAJECTORY  ANGLES 
USED  TO  INITIATE  THE  DATA  ANALYSIS 


Plate  Collector 
Set  Number 


cp  Sample  Numbers 

(degrees)  for  Coincident  Deposits 


6 

9 

10  and  11 

13 

14 
20 
21 
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24°  00 ' 
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9°45* 

14592 

to 

14603 

19°  48’ 

06492 

to 

06502 

24°  39' 

06506 

to 

06518 
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Figure  6 

COMPARISON  OF  PARTICLE  TRAJECTORIES  COMPUTED  FROM  WIND 
SPEED,  SIEVE  ANALYSIS,  AND  PLATE  COLLECTOR  DATA  WITH  THOSE 
DERIVED  FROM  THE  FOLIAR  CONTAMINATION  DATA 
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O  vf  (50)  IN  RATIO  COMPUTED  FROM  d  OF  SIEVE  ANALYSIS 
A  COT  <t>  FROM  PLATE  COLLECTOR  DATA 
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Table  17 


COMPUTED  VALUES  OF  8  FOR  TOP  EXPOSED  SQUASH  LEAVES 


Dry  Conditions _  _ Damp  Conditions 
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Number 

(mi/hr) 

(degrees) 

Number 

(mi /hr) 
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14039-1 
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153° 50' 

14083-1 

7.3 

175°  16' 

14095-1 

6.2 

155°  14' 

14084-1 

7.3 

152°  35’ 

14198-1 

8.9 

172°  01’ 

14096-1 

7.0 

111°42’ 

14239-1 

8.6 

183°  25' 

14291-1 

1.7 

176° 29’ 

14266-1(1)8 

6.3 

169°  55' 

14343-1 

1.5 

180° 56’ 

14266-1(2) 

6.3 

171°  4  7’ 

14399-1 

2.  . 

173°05’ 

14266-1(3) 

6.3 

156° 03' 

14400-1 

2.7 

184° 17* 

14266-1(4) 

6.3 

181°  46* 

14512-1 

3.9 

187°  42’ 

14266-1(5) 

6.3 

169° 20* 

14536-1 

3.7 

177°09' 

14266-1(6) 

6.3 

189° 00' 

14561-1 

3.9 

18^32’ 

14266-1(7) 

6.3 

177°01* 

06119-1 

2.4 

133° 16' 

14266-1(8) 

6.3 

182°  41' 

06140-1 

2.2 

174°  44* 

14350-1 

9.3 

180° 00’ 

06164-1 

2.7 

145°  4  7’ 

14351-1 

9.3 

173°  58' 

06177-1 

1.8 

170°  44’ 

14445-1 

7.0 

178°42' 

06218-1 

1.4 

181°  40’ 

06108-1 

6.2 

174°  30’ 

a  Parentheses  indicate  leaf  numbers  for  one  plant;  azimuths  of 
line  to  leaf  tip  from  the  center  of  the  plant  were:  (1)  30°  ; 
(3)  330°;  (3)  230°;  (4)  200°;  (5)  140°;  (6)  120°;  (7)  90°;  and 
(8)  50°.  The  deposit  was  on  the  top  side  of  all  leaves; 
assumed  that  8  >  for  all  leaves.  Leaf  (3)  at  an  azimuth  of 
320°  received  the  largest  deposit;  this  leaf  also  has  the 
lowest  value  of  8.  Leaves  (1)  and  (3)  were  new  smaller  leaves. 
Fallout  direction  probably  was  about  300° ,  opposite  from  leaf 
(6)  with  the  largest  value  of  8. 
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VARIATION  OF  F  Wsin^  WITH  WIND  SPEED  FOR  BEET  AND  CARROT 
(1  +  sin<£ ) 
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•  BEET,  DAMP 
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VARIATION  OF  F  (<*>)e  n  w 
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•  DAMP 
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▲  DAMP;  WITH  TASSELS  AND  EARS;  k  =  0 


WITH  WIND  SPEED  FOR  GRASS  FORMS 


figure  10 

VARIATION  OF  - k — 
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VARIATION  OF 
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WITH  WIND  SPEED  FOR  SQUASH  AND  RADISH 


©  SQUASH,  DRY 
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n  is 


sn; 

0008 


:  g  n  sss 

~  S  n  ~  n  0  5 


Sn  a  n  (  f  m  « 

«  3  91  n  CM  •  a 

OOOOOOOO 
OC'OOQOOO 


•  S  g 

8  8  8 


11,1  ,?* 


Is  l  5 


J  i 


!.  Lilii  .  iiljijll. 
i!  I  fli  iiilll  !iiii  iii  Hiilliii 


111  1. 

in\H 

III1!1 


»  j* 
l  *•! 
!  1  J 

HJ 

1  *11 

S  1 1|  * 

|il;i 

i!!'i 

iil-i 

111:1 


VARIATION  OF  In  V f  R  WITH  R  FOR  SEVERAL  GRASSES  AND  LEAF  TYPES 


o  QUICUYO  GRASS 
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Figure  15 

VARIATION  OF  in  ¥  R  WITH  R  FOR  GRAIN  STALKS  AND  GRAIN  HEADS 
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CALCULATED  VALUES  OF  FOR  RAIN -WEATHERED  FOLIAR  SAMPLES 


SUMMARY  OF  AVERAGE  OR  MEAN  VALUES 
OF  FOLIAR  CONTAMINATION  WEATHERING  EQUATION  Pi 
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Table  20  (concluded) 
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Figure  16 

FREQUENCY  DISTRIBUTION  OF  kw  VALUES:  BEAN,  BEET,  CORN,  AND  POTATO 


tOVAVO 


?  *  «  •  m  h 

’Wt,w*w  °*  *•**«'*  ♦„  V**vltuw 


^  #  «j  « 

AIUht«!M  0#  vHvi|(  ||  \\  t 


■  *  G4i'f»«  VMM 


Figure  17 

FREQUENCY  DISTRIBUTION  OF  kw  VALUES:  SQUASH,  BARLEY  HEADS, 
OAT  HEADS,  AND  WHEAT  HEADS 
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Table  21  (concluded) 
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STATION  14,  COW 


VARIATION  OF  WITH  TIME  AFTER  PLANTING 


nM  A#  IIS  StANIMO 


Figure  21 

VARIATION  OF  mD  WITH  TIME  AFTER  PLANTING:  OAT  AND  WHEAT  STALKS 


Table  22 


DERIVED  VALUES  OF  SEED  FORMATION  EQUATION  PARAMETERS 


Plant 

Station 

■f 

( (pa /head) 

-2 

(daya  ) 

(days) 

Barley -1 

14,06 

1.063 

1.46X10"4 

34.3 

Oats-1 

14 

0.980 

1.14x10^ 

63.7 

Oata-l 

06 

1.26 

1.21X10-4 

68.0 

Wheat-1 

14 

0.470 

1.24x10^ 

66.7 

Wheat-1 

06 

0.664 

1.24x10^ 

68.4 

Wheat-2 

14 

0.841 

1.24x10^ 

36.9 

Wheat-2 

06 

0.759 

1.24X10”4 

36.9 

VARIATION  OF  mf  WITH  TIME  AFTER  PLANTING  FOR  BARLEY,  OAT 
AND  WHEAT  HEADS 

O  STATION  14 
A  STATION  06 


TIME  AFtEt  PLANTING  -  4m 
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Values  in  parentheses  are  selected  values 


Table  25 


15027-1  (0.7)  1.7  -1.7  -2.4  -4.77  1.90  0.726 

15028-1  (0.7)  1.7  1.7  -2.4  -4.77  1.90  0.264 

15029-1  (0.7)  -1.7  1.7  -2.4  -0.071  5.93  0.0271 

15030-1  (0.7)  -1.7  -1.7  -2.4  -0.071  5.93  0.169  0.443  0.886 

15038-1  0.7283  1.7  1.7  -2.4  -4.77  1.90  0.418 
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VARIATION  Of  C0  /Am  WITH  r  FOR  CONTAMINATION  OF  LAUREL  TREE 


Figure  28 

VARIATION  OF  C°  /Am  WITH  r  FOR  CONTAMINATION  OF  PINF-2 
P 


O  SET  NO.  t  (Wind  Direction  300°  TN) 
A  SET  NO.  1  (Wind  Direction  325°  TN) 
□  SET  NO.  2 
■  SET  NO.  2m 


Table  27 


SUMMARY  OF  GEOMETRIC  COEFFICIENTS 
FOR  PERSONNEL  CONTAMINATION  FUNCTIONS 


Geometric  Coefficients 


Part  of  Body 
or  Apparel 

Designation 
of  11 

(sq  ft) 

WBL 

CFM 

JLJ 

Hair 

Tl(h) 

0.14 

0.17 

0.15 

Ear 

Ti(e'i 

0.045 

0.038 

- 

Face 

11(f) 

0.40 

0.44 

- 

Forehead 

11(f) 

- 

0.12 

- 

Forearms 

TKfa) 

- 

0.21 

— 

Forearms 

and  hands 

H(fa) 

- 

0.34 

- 

Spectacles 

TKs) 

- 

0.039 

- 

Blouse 

or  shirt 

11(b) 

1.75 

2.00 

1.25 
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Table  28 


DERIVED  VALLES  OF  Tj 
FOR  PERSONNEL  CONTAMINATION  FUNCTIONS 


Sample 

T 

T|  Values 

Numbers 

_ 

(mi) 

WBL 

CFM 

JLJ  T)  Designation 

PC-1,2 

12°  42* 

25.2 

0.299 

0.133 

T)(h) 

PC-3,4 

0.036 

0.037 

Tl(e) 

PC-5 

0.00831 

7)(s) 

PC-6,  7 

21°  29' 

15.6 

0.138 

0.0  798 

flOi) 

PC-8 

0.0254 

T](f) 

PC-9 

0.0112 

Tl(s) 

PC- 10 

22°  10’ 

30.1 

0.130 

TUh) 

PC-11 

0.00245 

TKf) 

PC-12 

12°  07’ 

49.0 

0.145 

Tl(fa) 

PC- 13 

- 

- 

- 

— 

PC-14 

23°  07’ 

18.0 

0.534 

T|(h) 

PC- 15, 16 

23°  07' 

22.5 

0.252 

0.194  T)(h) 

PC-17 

0.0198 

Tl(f) 

PC-18 

0.0734 

Tl(e) 

PC-19 

0.0900 

T)(fa) 

PC-20 

0.0539 

Tl(s) 

PC-21 

23°  07' 

13.4 

0.141 

^l(b) 

PC-22,23 

22°  42' 

4.2 

0.892 

1.08 

^l(h) 

PC-24 

0.230 

T|(fa) 

PC-25,26 

53°  56' 

0.98 

2.002 

1.096 

Tl(h) 
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rf^rAT,2N  °F  71  W,TH  T  FOR  CONTAMINATION  OF  EARS  GLASSES 
FACE,  FOREARMS,  AND  BLOUSE  OR  SHIRT 


O  INNER  EARS 
A  GLASSES 

0  FACE  AND  FOREHEAD 
•  FOREARMS 

V  ■  BLOUSE  OR  SHIRT 


SUMMARY  AND  CONCLUSIONS 


The  derivation  and  evaluation  of  parametric  scaling  functions 
representing  the  retention  of  airborne  particles  by  the  foliage  of 
various  types  of  plants  is  presented  in  this  part  (Part  Three)  of  the 
report  on  Operation  Ceniza-Arena .  The  scaling  functions  include,  as 
independent  variables,  wind  speed,  particle  fall  angle,  planting 
density,  plant  weight,  time  after  contamination,  rainfall,  and  plant 
shape  factors.  The  output  parameters  include  the  fraction  of  the 
horizontal  component  of  the  particle  flux  initially  retained  by  the 
foliage,  the  relative  amount  of  the  retained  particles  removed  by 
wind-weathering,  the  relative  amount  of  the  retained  particles  removed 
by  rain,  and  the  rate  of  growth  of  plants  (i.e.,  rate  of  accumulation 
of  dry  matter)  with  time  after  planting.  Some  data  on  the  frequency 
distributions  of  plant  weights  and  leaf  areas  and  on  the  correlation 
between  leaf  area  (or  area  of  other  plant  parts)  and  the  dry  weight  are 
presented.  In  addition,  approximating  functions  are  presented  for 
estimating  the  degree  of  particle  retention  by  single  trees  and  humans. 
The  numerical  evaluation  of  all  the  scaling  functions  was  carried  out 
using  only  the  data  obtained  from  the  measurements  made  in  Operation 
Ceniza-Arena  during  the  period  from  March  1964  through  February  1965. 
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the  retention  of  airborne  particles  by  the  foliage  of  various  types  of  plants  is 
presented  in  this  part  (Part  Three)  of  the  report  on  Operation  Ceniza-Arena.  The 
scaling  functions  include,  .<s  independent  variables,  wind  speed,  particle  fall 
angle,  planting  density,  plant  weight,  time  after  contamination,  rainfall,  and 
plant  shape  factors.  The  output  parameters  include  the  fraction  of  the  horizontal 
component  of  the  particle  flux  initially  retained  by  the  foliage,  the  relative 
amount  of  the  retained  particles  removed  by  wind-weathering,  the  relative  amount 
of  the  retained  particles  removed  by  rain,  and  the  rate  of  growth  of  plants  (i.e., 
rate  of  accumulation  of  dry  matter)  with  time  after  planting.  Some  data  on  the 
frequency  distributions  of  plant  weights  and  leaf  areas  and  on  the  correlation 
between  leaf  area  (or  area  of  other  plant  parts)  and  the  dry  weight  are  presented. 
In  addition,  approxlmatiug  functions  are  presented  for  estimating  the  degree  of 
particle  retention  by  single  trees  and  humans.  The  numerical  evaluation  of  all 
the  scaling  functions  was  carried  out  using  only  the  data  obtained  from  the 
measurements  made  in  Operation  Ceniza-Arena  during  the  period  from  March  1964 
through  February  1965. 
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